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Solver
+ nom () : String
+ ~Solver () : virtual
+ solve () : virtual void
+ solve () : void
+ ~SolverTherm () : virtual
SolverTherm
+ solve () : void
SolverMec
+ ~SolverMec () : virtual
− _nom : String
− _numero : short
+ Solver (n : String )
+ set (n : String ) : void
+ set (n : short ) : void
+ SolverMec (n : String ) + SolverMec (n : String )
L
ﬀ
y
Ò

T(*$x@"$'BBﬃITe6;Í93ﬃA)^]_ﬃcﬃ/Bg3)8ﬃ
¡
â
xzy>t | ø}Fﬂ:##{ÎŁøŁ:ﬁÏ ﬃÎuÊﬂ:Êﬃ{ÎËy
;+$4g$"$')*)*,/)*(85$' #(*>@793ﬃ5J1&$')*12
)*573>@2
5S$'B~/73ﬃA{41>@735U(*93,/"#ﬃ/"J)8ﬃ593(é.u,/"#ﬃ/7l #ﬃ5S$"#1W
(8 ﬃ/1/ #23"#ﬃ/5J9u]j>@"U93(*73$\V
 ﬃ/23"#5Aﬃ
(85U $7 ﬃ5/yXE7Îﬃ.uﬃ &[)^]j$&%@~/73ﬃBﬃ7 r93ﬃ4B$1W3(*7
ﬃ5RBC23)é (8g3"#>1ﬃ/5#5#ﬃ/23"#5A{93ﬃ/5R $"U(8|5I=?ﬃ&$2
1>@23g
g3)8235$'=0>@"U9$=3)8ﬃ5kl23ﬃJ)*ﬃ55U23g0ﬃ/"#1$)*1/23)$' #ﬃ23"U5Q1/)$5U5#(8k2
ﬃ5Q$rg?ﬃ"UB(85)8ﬃp93,/%ﬃ)*>g3g0ﬃ/Bﬃ/7 93ﬃJ5U $739$'"#935
93ﬃAg3"U>@x@"$'BB$' (8>@7g3"U>@g3"Uﬃ5J$2cs9
(8.0,"#ﬃ/7 ﬃ5J$"U1W3(8 #ﬃ1 23"Uﬃ5y
dI7Î93(*5o (*7
x@23ﬃ- #"#>@(85T wYg0ﬃ/5A9]$'"#1W3(é ﬃ1 23"Uﬃ5RBC2
)8 (8g3"#>1ﬃ/5#5Uﬃ23"U54u1ﬃ/)*)8ﬃ5R{B,B>@(*"Uﬃ!g$'"U $'x@,ﬃ}a
e6D
KûÑ±
	¹5Åæ¼\uwvQ¼6#ÃÆ7ê
Z[\1ﬃ)8)*ﬃ/5G{IB,/B>(*"#ﬃ93(85U "U(*=32
,ﬃRehD¬K
Â
Ã*i¨ÃD¸{º¹ﬂÅæ¼\uwvÇ¼6ﬂx
#ÃÆ7ê
Zﬃ S)8ﬃ5J$"U1W3(8 #ﬃ1/ #23"#ﬃ/5SWY=3"U(*93ﬃ/5Skl23(|>@7 J(*7 ﬃ/"U%ﬃ73(8"J)8ﬃ593ﬃ/2cmg3"U,1,/93ﬃ7 #ﬃ5yac23"p)*ﬃ/5J$"#1W3(é ﬃ/1V
 2
"#ﬃ5`a3e6DøKÆx@23"Uﬃ
ﬀ
y
Ó
Z[@ >@235)*ﬃ/5Qg
"#>1ﬃ5U5#ﬃ/23"#5`g3$"U $x@ﬃ7 2373ﬃJBBﬃà/>@73ﬃSB,/B>@(8"#ﬃ'y@;ﬃ5Q93>@7373,/ﬃ5
 "#$(8 #,ﬃ/5-g$'"A #>@235r)*ﬃ/5rg
"#>1ﬃ5U5#ﬃ/23"#5C5U>@7 !5o >1 ,/ﬃ5C9$'735-)*$mB,B>@(8"#ﬃC1/>@BB!2373ﬃy+FS2\U>@23"U9]jWl23(i[1ﬃ
 wYg0ﬃ!9]$'"#1W3(é ﬃ1 23"Uﬃ!ﬃ/5U Ix,73,/"$)8ﬃBﬃ7 T)8(*B(8 #,R{
¡ﬁ
g3"#>1ﬃ/5#5#ﬃ/23"#5Tg0>@2
"S93ﬃ/5Ig3"U>@=3)*~/Bﬃ/5S9
ﬃ-x@ﬃ/5U #(*>@7
93ﬃS1ﬃ/ U ﬃIB,B>@(8"#ﬃg$"o $x,ﬃy
ac23"Q)*ﬃ/5$"U1W3(8 #ﬃ1 23"Uﬃ5RehDìKÆx@23"Uﬃ
ﬀ
y
Û
Z[c1W$'k2
ﬃIg3"#>1ﬃ/5#5Uﬃ23"`2c (*)8(*5Uﬃ
...
1
1 2
2
n−1 n
nn−1
Processeur Processeur Processeur Processeur
Mémoire
cache
Mémoire
cache
Mémoire
cache
Mémoire
cache
Mémoire partagée
L
ﬀ
y
Ó

FT"U1W3(8 #ﬃ1/ #23"#ﬃr{}B,/B>(*"#ﬃSg$"o $x@,/ﬃK^a3e6DZ
5$Cg
"#>@g3"Uﬃ3/>@73ﬃTB,B>@(8"#ﬃz9Ô
Ò<;
y
ﬂﬃ5`$"#1W3(é ﬃ/1/ 2
"#ﬃ5g0ﬃ/2
%@ﬃ/7l pg
"#ﬃ7
93"#ﬃIg
)$1/ﬃT5#2
"2373ﬃT5#ﬃ2
)*ﬃIB$1W3(873ﬃ
>@2|M$(8"#ﬃS(*7 ﬃ/"U%@ﬃ/73(*"Qg3)*2
5#(*ﬃ/23"#5B$1W
(*73ﬃ/5`"#ﬃ/)*(*,/ﬃ5Qﬃ7 "UﬃRﬃ)*)8ﬃ5/>>@7g$'"#)*ﬃT$)*>"#59
ﬃAﬂd	
ßByF½üº{zu
|
¼\Ç8PÑ	DÃT¼\
> 
KÆx@23"Uﬃ
ﬀ
y
Ð
ZyN;+ﬃ/54(*7
|>"#B$' (8>@735Aﬃ7 "Uﬃg3"#>1ﬃ/5#5Uﬃ23"U5g$'5#5#ﬃ/7 $)*>@"U5!g$'"C)*ﬃ=
235C93ﬃ
93>@7
73,ﬃ/5!93ﬃ)$1&$'"U ﬃB~"#ﬃ}5U( #>@235r)*ﬃ/5rg
"#>1ﬃ5U5#ﬃ/23"#5C5U>@7 !1/>@731/ﬃ7 "U,5!5U23"r2373ﬃ5#ﬃ2
)*ﬃB$1W
(*73ﬃ}>@2
g$")*ﬃI"U,5#ﬃ$2s(*7
|>"#B$' (8k2
ﬃJ93$735)*ﬃS1&$9
"#ﬃR93ﬃ/5
6#½üºlw
KMx@"#$g3g?ﬃPZy3;ﬃIg3"U(*731/(*g?ﬃT93ﬃ/51)*2
5U ﬃ/"#5`"Uﬃ739
(*7c73()8ﬃI73>@BC=
"#ﬃR93ﬃRg3"U>c1/ﬃ5U5#ﬃ2
"#5Jk2
(g0ﬃ/2
%@ﬃ/7l S/ #"#ﬃRB(*5`ﬃ/7sg$"$')*)*~/)*ﬃS$&%@ﬃ1r1ﬃ # #ﬃRB, W3>93ﬃy3E7c7[
)*ﬃ/5
6#½üºlw
g0ﬃ/2
%@ﬃ/7l `$235U5#($5U5#>1(*ﬃ/"G93ﬃ5B$1W3(873ﬃ5Qa3e6Dﬃ/ QRe6DXydR7g$"U)*ﬃ$')*>@"U5G9]$'"#1W3(é ﬃ1 23"Uﬃ5
WY=3"#(893ﬃ5!Kx23"#ﬃ
ﬀ
y
ﬀ
âZy
FS37693ﬃrx@,"Uﬃ"p1ﬃ/5T93(é.u,/"#ﬃ/7l #ﬃ5S$"#1W
(8 ﬃ/1/ #23"#ﬃ/5[93ﬃr73>@2
%ﬃ&$2ch5o $7393$"#9h>@7 J%2h)*ﬃQU>@23"A)$4g3)823g$"o 
g?ﬃ2
%ﬃ7 4/ #"#ﬃ2
 (8)*(85#,5A5U23"r #>@235r)*ﬃ/5r wYg?ﬃ5!9u]$"U1W3(8 #ﬃ1 23"Uﬃ5yNtS>235!$&%>@735!1W
>@(*5U(9u]j,%@>k2
ﬃ"!(81(237
$g?ﬃ"Vh2m93ﬃA93ﬃ2cm5o $7
9$"#9
5r?ehDvQﬃ/ TdIg0ﬃ/7e6DXy
¡
ﬀ
...
2 n−1 n
RAM RAM RAMRAM
1
1
cache
2
cache
n−1
cache
n
1 2 n−1 n
Mémoire
cache
Mémoire Mémoire Mémoire
Mémoire Mémoire Mémoire Mémoire
Processeur Processeur Processeur Processeur
Bus de données
L
ﬀ
y
Û

FT"U1W3(8 #ﬃ1/ #23"#ﬃr{4B,B>@(*"UﬃI93(*5o "U(*=323,/ﬃKiRehDQZ
Machine Machine Machine Machine
L
ﬀ
y
Ð

qR"$g
g0ﬃR93ﬃAB$1W3(873ﬃ5pRehD
ehDvSK
Å	ê}v	\#ÃÆ7êzëwÆ/	76
Zﬃ5o p2373ﬃR=3(8=3)*(8> W3~/kl23ﬃS9u]j,/1W$73x@ﬃA93ﬃTBﬃ/5#5$'x@ﬃ593>7l `)*ﬃ5Q|>@731V
 #(*>@7
5C5#>@7 }93(8"#ﬃ/1/ ﬃ/Bﬃ/7 $'g3g0ﬃ/)*,/ﬃ549$7
54)*ﬃg3"U>@x@"$'BBﬃ¥9jÔ
Ó
[GÔ
Û<;
yﬂﬃ54|>@731 (8>@735Cg?ﬃ"UBﬃ # ﬃ/7 9
ﬃ
|M$'(*"#ﬃ!1>@BBC2373(8kl23ﬃ"Aﬃ7 #"#ﬃ}ﬃ2cg
)*235U(*ﬃ2
"#5Ag3"#>1ﬃ/5#5U235!5U>@235r)*ﬃ41>7l #"#@)8ﬃ49]_237Íg3"U>c1/ﬃ5U5#235-B$'8 "Uﬃyuvw)
ﬃ/7"U,5#2
)8 ﬃhkl23ﬃ6)8ﬃh1/>c93ﬃh93>@(é  "Uﬃ6B>c93(é,sg0>23"(8735#,/"#ﬃ/"93ﬃ/593(8"#ﬃ1 (é%@ﬃ593ﬃh1>@BBC2373(81&$' #(*>@7òﬃ 
9u]j,/1W$73x@ﬃR9
ﬃR93>@7373,/ﬃ5pﬃ7 #"#ﬃA)*ﬃ/5`93(8.0,"Uﬃ7 5g
"#>1ﬃ5U5#ﬃ/23"#5/y?e6DGv`$Cg?>@23"`g3"U(*731/(*g$'2c$&%'$7 $'x@ﬃ5237
ﬃ
=?>@737
ﬃg0>"U $'=3(*)8(8 ,4ﬃ 42373ﬃ=0>@7
73ﬃ5#1$)$'=3(*)8(8 ,hKM$g
 (é 239
ﬃ9]_237òg3"#>x@"$BBﬃ{:9
(8%(*5Uﬃ"!5U>@7  ﬃ/Bg
5
9u]jﬃ
,/12
 #(*>@7Îﬃ/7Î|>731/ #(*>@7<932Î73>BC=3"#ﬃ49
ﬃ4g3"#>1ﬃ/5#5#ﬃ/23"#5-{5$93(85#g?>@5#(é (8>@7ZJ5U23"R)*ﬃ/5IB$1W3(*7
ﬃ5ARe6D
g
23(*5Uk2
ﬃ-1W$'k2
ﬃ!g3"U>c1/ﬃ5#5Uﬃ23"S93(*5Ug0>5#ﬃr93ﬃ-5#$g3"U>@g3"Uﬃ-B,B>@(*"Uﬃ*9jÔ
Ò<;
>9$'735S)8ﬃA1&$5J93ﬃ5S$"U1W3(8 #ﬃ1/ #23"#ﬃ/5
Ie6DN[X)*ﬃ/5!1>BBC2
73(*1$' (8>@735Aﬃ7 "Uﬃg3"U>c1/ﬃ5U5#23545Uﬃ|>@7 Cg3$"-)8ﬃ=
($(85-932Í=3235!9
ﬃ)$m1&$"o ﬃB~/"#ﬃ>@2
g3$")*ﬃI"U,5Uﬃ&$2 KMg?>@23"`)8ﬃ5Jﬂd	À[g$'"ﬃcﬃBg3)*ﬃ&Z[
 $7393(85kl23ﬃAg0>@2
")*ﬃ5B$1W3(873ﬃ5Ja
e6DN[1']jﬃ/5U Jg$")*$
B,B>@(8"#ﬃTg3$"U $x@,ﬃAkl23ﬃA5]_ﬃ/.0ﬃ1 23ﬃ/7 I)*ﬃ/5,1W$'73x@ﬃ5S9]_(*7
|>@"UB$\ (*>7y
dIg?ﬃ7ehDûﬃ5U -)*ﬃ45o $7
9$"#9)*ﬃ4g3)8235A"#,/1ﬃBBﬃ7 !9
,/%@ﬃ/)*>@g
g0,6K
ﬀPÐÐÓ
ZT5#2
"-)*$s=3$5#ﬃ9]_2371/>@735U>@"U #(*23B
9
ﬃA|M$'=3"#(81&$7 5p93ﬃr)*>x@(*1/(*ﬃ)85RK93ﬃr|M$<h>@7h$"Uﬃ739
"#ﬃrg3)*235pg?>@"U $=3)8ﬃ5)*ﬃ/5J$g3g3)8(*1&$\ (*>735Z39jÔ
Ð
[
Ò
â
;
yvw)>'.u"Uﬃ
2
73ﬃ!(87l #ﬃ"o|M$1ﬃr5U $739$"U9:g?>@23"T)8ﬃ5J)*>@x(*1(8ﬃ)85`93,/%ﬃ)8>@g3g?,5Iﬃ/7<>@"U #"$7hﬃ/ Iﬃ/7Îﬂ®@ﬂúﬂúCy0vw)+5UﬃCg0>5#ﬃ!ﬃ/7
1/>@731/23"#"Uﬃ7 9
(*"#ﬃ/1/ Q93ﬃSDVÑbW3"#ﬃ$9[l2375U $739$"U9$g
g$"#2ﬃ7
ﬀPÐ@Ð
Ôc[1ﬃ"o ﬃ/5g3)82351>@Bg3)*ﬃ B$'(*5GB>@(*735
|M$'1(*)8ﬃR{}Bﬃ # "UﬃAﬃ76>ﬃ2c%c"Uﬃæ9jÔ
ÒJ;
y0ﬂ>@7 "#$(*"UﬃBﬃ7 J{e6DGv[udIg?ﬃ7ehDø7
ﬃrg?ﬃ2c T "#ﬃA(87l #,x@"U,-kl23ﬃr5#2
"
9
ﬃ5TB$1W3(873ﬃ5Ia3e6DXyﬂT]_ﬃ5o R2373ﬃ-FIDGvrK~
·½üÃT6#	\ÃT¼\mvQÇ¼êU	 ëÆ/	76
Zkl23(Ng0ﬃ/"#Bﬃ/ S93ﬃ!9
,/%@ﬃ/)*>@gV
g?ﬃ"S93ﬃ5T$g3g3)8(*1$' (8>@735p>ji:g3)8235#(8ﬃ23"U5Sg
"#>1ﬃ5U5#235K

±
#	¹
Zp5#>@7 Iﬃc,12c ,5Aﬃ/7:g$"#$)*)8~)*ﬃ4?(*)+"Uﬃx@"U>@23g?ﬃ
¡@ﬁ
Machine
DMP
Machine
DMP
Machine Machine Machine
SMPSMPSMP
L
ﬀ
y
ﬀ
â

FS"#1W3(é ﬃ1 23"Uﬃ-WY=3"U(*93ﬃ
93ﬃ/5C93(*"Uﬃ1 (8%ﬃ5r93ﬃ1/>@Bg3(*)*$' (8>@735R{m(*735U,"#ﬃ/"!9$'735-)8ﬃ1/>c9
ﬃﬃ
(85U $7 sK^ﬂ®ﬂúzú >@2ÍXdAHNbpHJFTtIZRﬃ/ 
93ﬃ/5=3(8=3)*(8> W3~/kl23ﬃ5}93ﬃs|>@731 (*>735yﬂ>@BBﬃmg?>@23"e6DGv[)*ﬃs1>93ﬃm93>@(é  "UﬃhB>c9
(8,g?>@23"(*735U,"Uﬃ"
93ﬃ/5C93(*"Uﬃ1 (8%ﬃ5C9
ﬃg$"o $xﬃ93ﬃ/5! B1W
ﬃ5Cﬃ/7l #"#ﬃ)8ﬃ5-93(8.0,"Uﬃ7 5Cg
"#>1ﬃ5U5#ﬃ/23"#5/yG;ﬃ5C93>7373,ﬃ/5Cﬃ7 #"#ﬃ)8ﬃ5
g3"U>c1/ﬃ5#5Uﬃ23"U5-7u]j>@7 Ag$'5A{s "Uﬃ4,1W$7
x@,ﬃ/5-1$"Iﬃ)8)*ﬃ/5I5#>@7 r1>BBC2
73ﬃ5I93$735A)$B,B>@(8"#ﬃ!g3$"U $x@,ﬃ'y
dIg0ﬃ/7e6D |>@731 (8>@7373ﬃJ5#23(é%'$7 )8ﬃSB>c9
~)*ﬃJ>@"U ®
z
>@(*7}kl23(?93(8%(*5UﬃS2
73ﬃS K1W3ﬃTﬃ/7g3)8235#(8ﬃ23"U5Qg
"#>1ﬃ5U5#235
,)8,Bﬃ7 $'(*"#ﬃ/5pk2
(5#>@7 Sﬃ/.0ﬃ1/ #23,5S5#(8BC23)8 $73,/Bﬃ/7l pg3$"93(8.0,"Uﬃ7 5Jg3"U>c1/ﬃ5#5Uﬃ23"U54KÆx@23"Uﬃ
ﬀ
y
ﬀ@ﬀ
ZR1']jﬃ/5U 
g$"S1>@7
5#,kl23ﬃ/7 A237:g$"#$)*)8,)8(*5#BﬃI93ﬃ-1>@7 #"#@)8ﬃKg3)*235U(*ﬃ/23"#5J>@g?,"$\ (*>735Sﬃ.uﬃ/1/ #23,ﬃ/5Rﬃ7:BBﬃr #ﬃBg35
g$"pg3)8235#(8ﬃ23"U5pg3"#>1ﬃ/5#5#ﬃ/23"#5Zy?Tﬃrg3)*2
5[)*ﬃRg
"#>@x@"#$BBﬃI7
ﬃA|M$'(8 N#$B$(85`93ﬃA"#,|,"#ﬃ/731ﬃ-$2m73>@BC=
"#ﬃR93ﬃ
g3"U>c1/ﬃ5#5Uﬃ23"U5ﬃ/7AUﬃ2m1]_ﬃ5o `$'21/>@23"#593ﬃp)^]_ﬃc,/12
 #(*>@7kl23ﬃS)8ﬃ73>@BC=
"#ﬃp93ﬃpg3"#>1ﬃ/5#5Uﬃ23"U573,/1ﬃ5U5$(8"#ﬃ/5`$2
93,/"#>@23)8ﬃBﬃ7 R9]_2373ﬃ- B1W3ﬃ!g$"$')*)*~/)*ﬃAﬃ5o A93,/ #ﬃ"UB(873,y?F 73>' ﬃ"Tk2
ﬃC)*ﬃ-g3"#ﬃ/B(8ﬃ"Tg
"#>1ﬃ5U5#235R,/)*,/Bﬃ/7cV
 $'(*"#ﬃI{} "Uﬃr)*$731/,Iﬃ5o J%2h$"#=
(8 "#$(*"UﬃBﬃ7 `1/>@BBﬃI)8ﬃà B$'8 "#ﬃ¨"[)*ﬃ/5$2
 #"#ﬃ5p, $7 J1"U,,5J{4g$"o (8"93ﬃ
1ﬃ/)*23(ëVw1/(^y0dIg0ﬃ/7e6Dø73,1/ﬃ5#5U(8 #ﬃ4)^]_2
 (8)*(*5#$' (8>@7s9]_237<1>@Bg3(8)$' #ﬃ23"Sﬂúﬂú "Uﬃ1/>@737$(85#5#$7 R1ﬃ/5R93(*"Uﬃ1/ #(8%ﬃ5
parallèle
Zone d’exécution
parallèle
Zone d’exécution
n processus Processus esclave
Processus maitre
L
ﬀ
y
ﬀﬀ

T,/"#>@2
)*ﬃBﬃ7 J9]_237m1&$)8123)g3$"$)8)*~/)*ﬃI$&%ﬃ1!dRg?ﬃ7e6D
93ﬃAg3"U>@x@"$'BB$' (8>@7y
EG7
7['>@7!g?ﬃ2c Bﬃ7 (8>@7373ﬃ/"N)8ﬃQ93,%@ﬃ/)*>@g3g?ﬃBﬃ7 9]$'g3g3)*(81&$' #(*>@7
5X5U23"9
ﬃ5$'"#1W3(é ﬃ1 23"Uﬃ5WY=3"U(*93ﬃ/5kl23(
|>@7 r(*7 ﬃ/"U%ﬃ73(8"r9
ﬃ5Ag$"#$)*)8,)*(85$' #(*>@7
5S2
 #(*)8(*5$'7l Ae6DGvI$273(8%ﬃ&$2"#,/5#ﬃ$2ﬃ !dRg?ﬃ7e6Dû)*>1&$)8ﬃBﬃ7 &[
5#2
"J)8ﬃ5p1)8235U #ﬃ"U5S{4B,B>@(*"UﬃIg$"o $x,ﬃ§9
Ò
ﬀ
[
Òﬁ;
y
T(85#g?>@5$7 p9]_2373ﬃAB$1W3(873ﬃR{}$"#1W
(8 ﬃ/1/ #23"#ﬃra3ehDN[373>235J$P%>@735p"#ﬃ ﬃ/72s)8ﬃR5U $'739$"U96dIg?ﬃ7ehDg?>@23"
)$}g$"#$)*)8,)8(*5$\ (*>79326)8>@x@(81(*ﬃ/)^ycbN>@2c ﬃ5S)*ﬃ/5J%'$)8(*9$' #(*>@7
5$(*7
5#(kl23ﬃ!)8ﬃ5p ﬃ/5U 5S5#>@7 Tﬃ/.0ﬃ1/ #23,5T5#23"J2373ﬃ
B$1W3(*7
ﬃ493ﬃ4 wYcg?ﬃﬂ>@Bg3$k:DG"#>@;+(*$7 
Û
â@â@â{sWl23(8 Ag
"#>1ﬃ5U5#ﬃ/23"#5rvw7 ﬃ)ãTﬃ>@7DGv#v#vIÔ@Ôâ®
ﬁ
eh=<ﬃ/ !Ô
qR=<93ﬃCB,B>@(*"Uﬃ-g$'"U $'x@,ﬃKx@2
"#ﬃ
ﬀ
y
ﬀ¸ﬁ
Zyﬂﬃ # #ﬃ4B$1W
(*73ﬃr|>@731/ #(*>@7
73ﬃ!5U>@235A;(*7l2c:HJﬃ/93W$' 
Û
yjâﬃ/ 
2
 #(*)*(85#ﬃ2371>@Bg3(*)*$' ﬃ/23"Gvw7 ﬃ/)ﬂúﬂú
Ó
y
ﬀ
Kg0>23"Q)*$A%ﬃ"U5#(*>7g$"#$)*)8~)8ﬃPZNﬃ `x úﬂú Kg0>@2
"Q)*$R%ﬃ"U5#(*>773>@7
g$"#$)*)8~)8ﬃPZy
¡@¡
L
ﬀ
y
ﬀ¸ﬁ

;ﬃA5#ﬃ/"U%ﬃ23"S93ﬃA1&$)8123)+ﬂ>Bg$'kDG"#>@)8($7 
Û
â@â@â
xzyK ﬁÏ
ÊË:
ÎŁ#Ï
tJ>@235r%@ﬃ7
>@735C93ﬃg3"#,/5#ﬃ7 #ﬃ"4)*ﬃ/5-g
"#(*7
1(*g3$2c1W3>@(ë93(*"Uﬃ1/ #ﬃ23"U5C93ﬃ73> "Uﬃ #"$&%'$(*)pX1>93ﬃ93ﬃ1&$)8123)
,/)*,/Bﬃ/7l #5X373(*5+93,%@ﬃ)8>@g3g?,ﬃ/7!)$'73x$x@ﬃG>"#(*ﬃ/7 ,>@=Uﬃ/ `K^ﬂúﬂúAZu|M$(*5#$7 X(*7 ﬃ/"U%@ﬃ/73(*"X2373ﬃ93,/1>@Bg0>5#(8 #(*>@7
ﬃ/7L5U>@235Vw93>@B$(873ﬃ5/>1ﬃ)8)*ﬃVw1(Tg0ﬃ/"#Bﬃ/ sx$x73ﬃ"sﬃ7ø ﬃ/Bg
5m9
ﬃ1$)*1/23)^[x$(*7 kl23(Aﬃ/5U h$23x@Bﬃ7 #,ﬃ/7
g3$"$)8)*,/)*(*5#$7 1/ﬃ"o $(873ﬃ5g$'"U (8ﬃ5932ø1/>c93ﬃ'ytS>235m$)*)8>@7359
,5#>"#B$(*593,/1"U(*"#ﬃ<g
)*235ﬃ/79
,/ $'(*)I237
ﬃ
 #ﬃ1W37
(*kl23ﬃ}93ﬃ93,1/>@Bg?>@5U(8 (8>@7:ﬃ/75U>@235oVÑ93>@B$(*7
ﬃ5R93ﬃ4 wYg0ﬃ932$')^ytJ>@235rg3"#,/5#ﬃ/7l #>@735A >@2c A9]$'=0>@"U9
)8ﬃ5, 2393ﬃ/5Sﬃ/7h"U,x@(8BﬃT,/ $'=3)*(iy
¡
¢
k l
¤%m¨°?®m²m© 
 ®, ª© ­  §?®h°ªp+ ­ ¤¦°
)
© ©
)
²,o °­ © oï®h¤¦¥¨§°
;G]j(8Bg
)*,Bﬃ7 $' (8>@79
21&$)8123)0BC23)é (*9
>@B$'(*73ﬃﬃ/7"#,x(*BﬃS, $=3)8(0"Uﬃg?>@5#ﬃT5#23"`2
73ﬃI93,/1>@Bg0>5#(8 #(*>@7ﬃ7
5#>235oVÑ93>@B$(*73ﬃ/5R932$)8ﬃybX>@2
 A9u]$=?>@"U9[73>@2
5r"#$g3g?ﬃ)8>@735R)*ﬃ/5R=$5Uﬃ5A93ﬃ}1ﬃ # ﬃ}B,/ #W3>c9
ﬃ[g32
(*5[u73>@235
93, $(8)*)*>735R)*ﬃ/5-1W3>(é"#ﬃ ﬃ/72
5!9$7
5-)8ﬃg3"U>@x@"#$BBﬃCkl23ﬃ73>@235-93,/%ﬃ)*>g3g0>735yXEG7
7[Xkl23ﬃ)8kl23ﬃ5-1&$5
 ﬃ/5U #5SB>@7 "Uﬃ7 J)$!%'$)*(893(8 #,T93ﬃ/5S>g
 (8>@735`1W3>(*5#(8ﬃ5/y
Æ§y{x |~}{Ï
ÊË#ÌÍ ﬃÎ  <ﬃ
Î ﬃ ﬃÊË ÌÍﬁÎt¨Ł:Ï Ï Îtﬁ
ÎWÐ
ﬃ z:ÏﬃÎuﬃ1åÌÍ ¡
ﬂ
ÔÓVÒÓ1Ò jØÝ7ÙÑíôeï ÝÜíØ
ﬂﬃ5XB,/ W
>c93ﬃ/55#>@7 N$g3g
)*(*kl23,/ﬃ5X{)$`"U,5#>)*2
 #(*>@7R9]_237rg3"#>=3)*~/Bﬃ9
(*5#1/"#, (*5U,ﬃ7r,)*,/Bﬃ/7 573(85y¸ﬂﬃ/)*23(ëV
1(ﬃ/5U pg$'"U (é (8>@7373,Sﬃ7NŁr5#>235oVÑ93>@B$(*73ﬃ/5[c1]_ﬃ5U oV{\VÑ93(*"UﬃIﬃ7NŁRg0>@"o (8>@735`93ﬃAB$(*)8)$xﬃyl;G]jﬃ/735#ﬃ/BC=3)8ﬃR93ﬃ5
73>ﬃ239
5$g
g$"U #ﬃ7$'7l N$2A93(8.0,"Uﬃ7 5XB$(*)8)$x@ﬃ/50ﬃ X5#(8 #23,5X5#2
"X1/ﬃ5Xg$"o (8 #(*>@7
5ﬃ5o Ł w)^]_(*7 ﬃ/"U|M$1/ﬃ#"Kx@2
"#ﬃ
ﬁ
y
ﬀ
ZydI7!g?ﬃ2
 "#ﬃ/B$"Ukl23ﬃ"Nk2
ﬃ`)$pg3)*2
g$"U N93ﬃ/55#>@2
5oVw9
>@B$'(*73ﬃ/5N73ﬃQ5#>@7 G)8ﬃQ5U(*~/x@ﬃ9]j$231/2373ﬃQ1>@739
(8 (8>@7
)*(8B(é ﬃﬃ/5#5#ﬃ/7 (*ﬃ/)*)8ﬃF>l>@7)8ﬃ59
,5#(8x@73ﬃ/"$-g3$"Q)8ﬃJ #ﬃ"UBﬃJx@,7
,"#(8kl23ﬃT93ﬃ 5U>@235oVÑ93>@B$(*7
ﬃ5Gñ> U $7 5"y
ﬂT]jﬃ/5U 
)*ﬃ41$5A93ﬃ4 >@2
5r)8ﬃ5R5U>@235oVÑ93>@B$(*7
ﬃ5R5#2
"r)*$x@23"Uﬃ
ﬁ
y
ﬀ
{)^]_ﬃc1/ﬃg
 #(*>@7Î9325#>@2
5oVw9
>@B$'(*73ﬃ}Ôkl23(5#ﬃ/"$
93,/5#(*x73,g$'"N)8ﬃ #ﬃ"UBﬃ93ﬃF 5#>235oVÑ93>@B$(*73ﬃ73>7cVÑñ>' # $'7l 1"y¸;G]_WlYg?> W
~5#ﬃ"#ﬃ/ #ﬃ7l23ﬃQﬃ5U )$1>7l #(*7l23(é ,93ﬃ5
kl2$7 (é ,/5Qg3"U(*B$)*ﬃ/5{A1ﬃ # ﬃp(87l #ﬃ"o|M$1ﬃpﬃ7 #"#ﬃJ)*ﬃ5G5U>@235Vw93>@B$(873ﬃ5JKÆx@23"Uﬃ
ﬁ
y
ﬁ
ZN $7393(85Gkl23ﬃS)i]j,/kl23(*)8(*=3"Uﬃ
93ﬃ/5Skl2$7 #(8 ,/5p932$)8ﬃ5pﬃ5o J%,"U(8,/ﬃ-$}g?>@5U #ﬃ"#(8>@"#(Kx23"#ﬃ
ﬁ
y
¡
Zy
¡
Ô
1
2
3 4
5 6
7 8
L
ﬁ
y
ﬀ

DN$"U #(8 #(*>@7ﬃ S(87 ﬃ"o|M$1ﬃRﬃ/7 "#ﬃr)*ﬃ/55#>@2
5oVw9
>@B$'(*73ﬃ/5
3
1
4
2
8765
L
ﬁ
y
ﬁ

ﬂ>@7 (87l23(8 #,r9
ﬃ5pkl2$7 (é ,5pg3"U(*B$)*ﬃ/5$2c73>cﬃ/23935p93ﬃA)^]_(*7 #ﬃ"U|M$'1ﬃ
3
5
4
6
1
2
7 8
L
ﬁ
y
¡

EGkl23(*)8(*=3"UﬃI93ﬃ/5Skl2$7 #(8 ,/5p932$)8ﬃ5p{})^]_(*7 ﬃ/"U|M$1/ﬃ
¡Ò
ÔÓVÒÓTÔ ìeíÙÄîðïeÛ1ÚFÝYÜíØÛí5ÚÛó~ô3ï ñ3Ùí3Û3Łîó
F g$"o (8"9]_2373ﬃ`|>@"UBC23)*$' (8>@7-%'$"U($' #(*>@737
ﬃ)*)8ﬃ1)$'5#5#(8kl23ﬃrKMg$'"ﬃcﬃBg3)8ﬃ[)*$TB(*73(8B(85$' #(*>@7A9]_2373ﬃ`|>@7
1V
 (8>@7373ﬃ/)*)8ﬃT9]_,73ﬃ/"#x@(8ﬃR5#>@2
51>@7 "#$(*7 #ﬃPZ[
>@7sg0ﬃ/2
 p,1/"#(*"UﬃI)$!|>"#BC23)*$' (8>@7932sg3"#>@=
)*~BﬃIg$'",)*,/Bﬃ/7 5
73(85p"#ﬃ)*$' (é%@ﬃA{41W$kl23ﬃr5#>235oVÑ93>@B$(*73ﬃ<K1jª«¿«¿« Ł-UZ?>3g?>@23")*ﬃR5U>@235Vw93>@B$(873ﬃh

Ý ÞUßÝ Þ#ß
l
Ý Þ#ßI

Ý Þ#ß
 *¡
K
ﬁ
y
ﬀ
Z
>ji

Ý Þ#ß
ﬃ5U I)$B$' "U(*1/ﬃ!"#ﬃ/g3"#,/5#ﬃ/7l $7 r)*ﬃ!1/>@Bg0>@"o ﬃ/Bﬃ/7l Tg3WY5#(*kl23ﬃ}932<5U>@235Vw93>@B$(873ﬃKB$' #,"U($2[
x@,/>@B, "U(*ﬃPZ[

Ý ÞUß ﬃ5o )*ﬃ`%@ﬃ/1/ #ﬃ23"93ﬃ5kl2$7 #(8 ,/5g3"#(8B$)8ﬃ5N(*731/>@737l23ﬃ5/[! Ý Þ#ß ﬃ5o )*ﬃ`%@ﬃ/1/ #ﬃ23"93ﬃ5$1 (8>@735
ﬃ #,"#(8ﬃ23"Uﬃ56$g3g3)8(*kl23,ﬃ/5s5#23"m)*ﬃ<5U>@235oVÑ93>@B$(*7
ﬃ¢ﬃ/ £
Ý ÞUß
¤*¡
ﬃ5U h)*ﬃ<%ﬃ1/ #ﬃ23"h93ﬃ5h$1 (*>73593ﬃ5h5#>@2
5oV
93>@B$(873ﬃ5I%>@(*5U(*735A5#2
"-)8ﬃ45#>@235Vw93>B$(873ﬃ¥y+;ﬃ5A1>@7
93(8 #(*>@735A$'2c)*(8B(é ﬃ5Sg3"#>g3"#ﬃ/5-{s1W$kl23ﬃ5#>@2
5oV
93>@B$(873ﬃA5#>@7 R(87l #"#>9323(é ﬃ5p5U>@235S|>"#Bﬃ-93ﬃ-BC23)é (*g
)*(*1$' ﬃ/23"#59
ﬃC;+$x@"#$73x@ﬃA9$7
5I)*ﬃ/5SB$' "U(*1/ﬃ5

Ý ÞUß
ﬃ/ J)8ﬃI%@ﬃ1 ﬃ/23"

Ý Þ#ß
>

Ý Þ#ß
[

Ý ÞUß
ﬃ ¦
Ý Þ#ß
5#>@7 T$)*>@"U5`ﬃcg$'735#,/5y
dI7h(87 "#>9323(é )$C1/>@7 (872
(8 ,R9
ﬃ5Jk23$7 (8 #,5pg3"U(*B$)*ﬃ/5{4)^]_(*7 ﬃ/"U|M$1/ﬃC
§
¨
Þª©Z«
Ü
Ý Þ#ß

Ý ÞUß
 K
ﬁ
y
ﬁ
Z
>jir)*ﬃ/5B$' #"#(81ﬃ5Ü
Ý ÞUß
5#>7l X93ﬃ/5+B$' #"#(81ﬃ5kl23(5U,)8ﬃ1/ #(*>@7
73ﬃ7 X)*ﬃ/593ﬃx@"U,5+93ﬃ)*(8=0ﬃ/"U #,93ﬃ5X5#>235oVÑ93>@B$(*73ﬃ/5
4kl23(u5U>@7 "#ﬃ/)$' #(8|5{!)^]_(*7 #ﬃ"U|M$'1ﬃJﬃ/ `kl23(05#ﬃ/"#>@7 93(85#1/2
 ,/ﬃ5$2g$"$'x@"$g
W3ﬃ
ﬁ
y
ﬀ
y
¢
>c1/ﬃ5`B$' #"#(*1/ﬃ55#>@7 
$235U5#(+2
 #(*)*(85#,/ﬃ5`9$'735p)^]_ﬃcg3"#ﬃ/5#5U(*>@7m93ﬃ5J(*7 #ﬃ"$'1/ (8>@735ﬃ/7l #"#ﬃA)*ﬃ/5p5#>@235Vw93>B$(873ﬃ5p{4)i]j(87l #ﬃ"o|M$1ﬃ4

Ý Þ#ß
 #¡
èÜ
Ý ÞUßª¬¥­
K
ﬁ
y
¡
Z
­
ﬃ/5U p)*ﬃS%@ﬃ1 ﬃ/23"Sx,73,/"$)9
ﬃ5(*7 #ﬃ"$'1/ (8>@735`(87 ﬃ"o|M$1(*$)*ﬃ/59$'735)$C5o "#2
1/ 2
"#ﬃyFS(*735U(^[c>@7g0ﬃ/2
 p,1/"#(8"#ﬃ
)*ﬃRg
"#>@=3)8~BﬃR5#23"p)*$C5U "U231/ #23"#ﬃrx@)8>@=$)8ﬃC
®¯
¯
¯
¯
¯
¯
°

Ý±«iß ²²²  ³ ÜÝ±«iß
¬
y
y
y
y
y
y
y
y
y
y
y
y
 ²²²

Ý
§
ß ³ ÜÝ
§
ß
¬
³SÜÝ«iß´²²²µ³SÜÝ
§
ß 
¶¸·
·
·
·
·
·
¹
®¯
¯
¯
¯
¯
¯
°

Ý±«iß
y
y
y

Ý
§
ß
­
¶¸·
·
·
·
·
·
¹

®¯
¯
¯
¯
¯
¯
°
Ý±«iß
y
y
y
Ý
§
ß

¶¸·
·
·
·
·
·
¹
K
ﬁ
y
¢
Z
EG7h(87 "#>9323(85$7 p)*$C73> $\ (*>7<
mº

®¯
¯
¯
°

Ý±«iß
²²² 
y
y
y
y
y
y
y
y
y
 ²²²

Ý
§
ß
¶¸·
·
·
¹


º

®¯
¯
¯
°

Ý«iß
y
y
y

Ý
§
ß
¶¸·
·
·
¹

º

®¯
¯
¯
°

Ý±«iß
y
y
y
Ý
§
ß
¶¸·
·
·
¹
ÀÜ
º
¬

®¯
¯
¯
°
Ü
Ý«ißB¬
y
y
y
ÜÝ
§
ß
¬
¶¸·
·
·
¹
K
ﬁ
yÔ@Z
¡Ó
>7mg?ﬃ2c S"U,,/1"#(8"#ﬃA)*ﬃR5oY5U ~/BﬃK
ﬁ
y
¢
Z5#>@235J)$!|>"#Bﬃ4
®
°
 º
³ Ü º
¬
³SÜ»º 
¶
¹
®
°

º
­
¶
¹

®
°
 º

¶
¹
K
ﬁ
y
Ò
Z
ÔÓ1ÒÓ½¼ ìàíÙÄîðï3ÛÚFÝYÜ1íØÉô3ï'ñ3Ùí3Û3Łîó~ÜØÝYó/Ù[¾ÚWÜÚÛ
DN$"R(*7%ﬃ"#5U(*>@7Î93ﬃ4)*$"#ﬃ/)$' #(*>@7ïK
ﬁ
y
ﬀ
Z[uﬃ/ A1>Bg
 #ﬃ! ﬃ/7l293ﬃmK
ﬁ
y
¡
Z[0)*ﬃ5R(8731>737l23ﬃ5

Ý ÞUßQg?ﬃ2
%ﬃ7 r5]_ﬃlV
g
"#(*Bﬃ"g$"R
Ý ÞUß


Ý Þ#ß¿
«ÁÀ

Ý Þ#ßI
Ü
Ý Þ#ß ¬
­UÂ
K
ﬁ
y
Ó
Z
J73ﬃI93(¿á123)é ,R$g
g$"$\* `93$735)*ﬃT1&$5`9
ﬃ5p5#>@2
5oVw9
>@B$'(*73ﬃ/5Qñ> U $7 #5g0>@2
"`)*ﬃ/5#kl23ﬃ)85)$!B$' #"#(*1/ﬃ

Ý Þ#ß
ﬃ/5U J5#(873x@23)8(*~/"#ﬃy
;+$}"U,5U>@)*2
 #(*>@79
2hg3"U>@=3)8~BﬃR5]_,1"U(8 S$)8>@"#5I
Ã
Ä Å

Ý Þ#ßt

Ý ÞUß#ÆÈÇ(Ý Þ#ß

ÜÝ Þ#ßª¬
­UÉ
_Ê
Ý Þ#ßÌËÝ ÞUß

Ê
Ý ÞUß
Ë
Ý Þ#ß

¬


Ý ÞUß

Ý Þ#ß
 
K
ﬁ
y
Û
Z

Ý Þ#ßÆ
93,/5#(8x@73ﬃT(81(?2373ﬃI(87%@ﬃ"U5#ﬃRx@,/73,"#$)*(85#,/ﬃT93ﬃ

Ý Þ#ß
[
Ê
Ý ÞUß
K73>PY$293ﬃ

Ý ÞUß
Z"#ﬃx"#>@23g?ﬃI)8ﬃ5Q%ﬃ1 ﬃ2
"#5
9
ﬃ=$5Uﬃ93ﬃ* )i]jﬃ/5#g$1/ﬃ93ﬃ93(*Bﬃ7
5#(*>77l23)8)*ﬃ#"493ﬃ

Ý Þ#ß
[<Ë
Ý Þ#ß
"#ﬃ/g3"#,/5#ﬃ/7l #ﬃ)*ﬃ/5!$Bg3)8(8 2
93ﬃ5A(*7
1>@737l23ﬃ/5
9
ﬃ
Ê
Ý Þ#ß9
Ò@¡<;
ydI7x@,/73,"#$)*(85#ﬃ)*$:73> $\ (*>7 

Ý ÞUß
Æ
93,/5#(*x73ﬃ"#$1/(éVw9
ﬃ5#5U>@235)^]_(*7%@ﬃ/"#5Uﬃm9
ﬃ

Ý Þ#ßSg0>@2
"
)8ﬃ5r5#>@2
5oVw9
>@B$'(*73ﬃ/5r7
>@7cVÑñ3> # $7 5[+g?>@23"r)*ﬃ/5#kl23ﬃ)85!>@7g0>5#ﬃ
Ê
Ý ÞUßqËÝ Þ#ß 
y+vw)7]_ﬃ5U !g$5-73,1/ﬃ5#5#$(*"Uﬃ
9
ﬃ93, ﬃ"UB(873ﬃ"Aﬃ
g
)*(*1/(8 #ﬃBﬃ7 !)8ﬃ5rB$\ "#(81ﬃ/5-(87l%ﬃ"U5#ﬃ5!x@,73,/"$)8(*5U,ﬃ5r93ﬃ

Ý ÞUßY>ﬂTy$"UW$' rﬃ/ Cy VTãCy
Hp>@2c~9
ﬁ
Ô
;
>7l sB>@7 "U,:kl2]_(*)Tﬃ/5U sg?>@5#5U(*=3)8ﬃ69]_>@=
 #ﬃ73(8"[Qg$"237ø$)8x@>@"U(8 W
Bﬃm(8 #,"$\ (8|I=$5#,<5U23")*ﬃ
g3$"U #(8 (8>@7373ﬃ/Bﬃ/7 S9
ﬃ

Ý Þ#ß
[093ﬃ/5T ﬃ/Bg
5T93ﬃ-1&$)8123)X93ﬃ

Ý Þ#ß
Æ
5U(*B(*)$'(*"#ﬃ/5$2cm #ﬃBg35T9]_(*7%ﬃ"#5U(*>@7<9
ﬃ

Ý Þ#ßN9$735p)*ﬃR1$5p9]_237h5U>@235Vw93>@B$(873ﬃI73>@7VÑñ> U $7 y
tJ,&$7
B>@(8735[c9$735p)*$CBﬃ/5#23"Uﬃr>cim7
>@5J$g3g3)8(*1&$\ (*>7351/>@731ﬃ/"#73ﬃ/7 Tﬃ/5#5#ﬃ/7 (*ﬃ/)*)8ﬃBﬃ7 J)*ﬃI"U,x@(8BﬃT #"$7
5#(éV
 #>@(*"Uﬃ[g0>23")8ﬃkl23ﬃ)u)*ﬃTg
"#>@=3)8~BﬃT93(85#g$'"$'8 &[l73>@235`|M$'(*5#>735`$g
g0ﬃ/){C2371$)*1/23)uﬃ
g
)*(*1/(8 #ﬃS93ﬃ

Ý Þ#ß
Æ
ﬃ 
Ê
Ý Þ#ß{Tg3$"U #(*"X9]j2
73ﬃ`93,/1>@Bg0>5#(8 #(*>@7-ﬃ7!%'$)8ﬃ23"U55U(*73x@2
)*(*~/"#ﬃ/5N93ﬃ)$SB$' #"#(*1/ﬃ

Ý Þ#ßNKM"U>@2
 #(*73ﬃQRqAEQa
ã

9
ﬃr)*$C)*(8=3"$(8"#(8ﬃT;FID?FJﬂâ 9
Ò
¢
;
Z?>1ﬃ # ﬃAB,/ #W3>c9
ﬃrﬃ/5U Jg3"U,5#ﬃ/7 ,ﬃ-ﬃ7h$7373ﬃcﬃ5!KMg$xﬃ
ﬀﬀPÒ
Zy
;+$4|>@"#B!23)$' #(*>@79
2:g3"#>=3)*~/BﬃA(*7 #ﬃ"U|M$'1($')5]_>@=
 #(*ﬃ7 Sﬃ7:"UﬃBg3)$<h&$7 J)*ﬃA5UY5o ~BﬃsK
ﬁ
y
Û
Z93$7354K
ﬁ
y
ﬁ
Zy
ﬂﬃAkl23(1/>@739323(é J$2m5UY5U #~BﬃK
ﬁ
y
Ð
Z[3ﬃ/7h73>' $7 }Í:)*ﬃR73>BC=3"#ﬃA93ﬃA5U>@235oVÑ93>@B$(*7
ﬃ5`ñ> U $7 #5r
ÃÎ
Î
Î
Î
Î
Î
Ä
Î
Î
Î
Î
Î
Î
Å
Ï
§
Þª©Z«
ÜÝ Þ#ß
Ç

Ý ÞUß
ÆÈÇ
Ý Þ#ß

ÜÝ Þ#ß
¬
­
É
_Ê
Ý Þ#ßÐËÝ ÞUß
É
 

Ê
Ý«iß
Ë
Ý«iß

¬
Ç

Ý«iß

Ü
Ý±«ißB¬
­
É

y
y
y

Ê
ÝÒÑßÐË+Ý Ñß\
¬
ÇGÝ Ñß

ÜÝ Ñß
¬
­UÉ
 
K
ﬁ
y
Ð
Z
¡Û
kl2]_>@76g?ﬃ2
 pBﬃ/ U "Uﬃr5U>@235p)$!|>"#Bﬃ4
®¯
¯
¯
¯
¯
¯
°
Ï
§
Þª©Z«
Ü Ý Þ#ß

Ý ÞUß
Æ
Ü Ý ÞUß
¬
Ü Ý«iß
Ê
Ý±«iß ²²²ûÜ ÝÒÑß
Ê
ÝÒÑß
iÜÝ±«iß
Ê
Ý±«iß
¬
 ²²² 
y
y
y
y
y
y
y
y
y
y
y
y
iÜ
Ý Ñß
Ê
Ý Ñß

¬
 ²²² 
¶ ·
·
·
·
·
·
¹
®¯
¯
¯
¯
¯
¯
°
­
ËÝ«ißK¬
y
y
y
Ë Ý Ñß
¬
¶ ·
·
·
·
·
·
¹

®¯
¯
¯
¯
¯
¯
°
³
Ï
§
Þª©Z«
Ü
Ý ÞUß

Ý Þ#ßﬂÆ

Ý Þ#ß
³
Ê
Ý±«ißK¬Ý±«iß
y
y
y
³
Ê
ÝÒÑß ¬
 Ý Ñß
¶ ·
·
·
·
·
·
¹
K
ﬁ
y
ﬀ
âZ
>@2mﬃ731/>@"#ﬃ}
®
°mÓDÔ ÕÖÔ
Õ
¬
Ô

¶
¹
®
°
­
Ë
¶
¹

®
°
×
Ø
¶
¹
K
ﬁ
y
ﬀﬀ
Z
$&%@ﬃ/1-)8ﬃ5p73> $' (8>@735I
ÃÎ
Î
Î
Î
Î
Î
Î
Î
Î
Î
Ä
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Å
ÓDÔ

Ï
§
Þª©Z«
ÜÝ Þ#ß

Ý ÞUß Æ ÜÝ Þ#ß ¬
Õ¥Ô
ÚÙ
Ü Ý±«iß
Ê
Ý«iß ²²²¯Ü Ý Ñß
Ê
Ý Ñß¦Û
Ë¡
Ù
ËÝ±«iß
¬
²²²LËÝÒÑß
¬
Û
¬
×øÜ³
Ï
§
Þª©Z«
Ü
Ý ÞUß

Ý Þ#ßﬂÆ

Ý Þ#ß
-Øﬂ
Ù
³
Ê
Ý«ißK¬Ý±«ißÝ²²²µ³
Ê
Ý ÑßB¬}ÝÒÑßÛ
¬
K
ﬁ
y
ﬀPﬁ
Z
ÓDÔ
ﬃ5o }1>@BBC2373,/Bﬃ/7 $g3g?ﬃ)*,/ﬃ)$:B$' "U(*1/ﬃ93ﬃmac1Wl23"932$)8ﬃyﬂT]_ﬃ5o g0>@2
"#kl23>@(`)8ﬃ54B,/ #W3>c9
ﬃ5493ﬃ
93,/1>@Bg0>5#(8 #(*>@7ﬃ/7h5U>@235Vw93>@B$(873ﬃ55U>@7 S5U>@2
%ﬃ7 I"U,/|,"Uﬃ731/,ﬃ/5S1/>@BBﬃR)*ﬃ/5 B,/ #W3>c9
ﬃ5p93ﬃ-ac1Wl23"1"y
ÔÓVÒÓqÞ ß ÜÞ4WïeÞYÞ7ÜíØÉÞYïàÙ ÛÚ?íØeÞ Ý7Ùï·ÝYÜíØ ôeótÞîÚFÝ7ÙÑÜ3?ótÞiàáãâä
;G]j(8Bg
)*,Bﬃ7 $' (8>@7-9
ﬃ5GB$' "U(*1ﬃ/5ÜÝ Þ#ßﬃ5o 2374g?ﬃ24g$"o (8123)8(*~"Uﬃy¸bX>@2
 G9]j$=?>@"#94>7C93,/373(8 Gg
)*235U(*ﬃ2
"#5
73>@B!=3"#ﬃ/5Jkl23(+5U(*Bg3)*(éﬃ"U>@7 `)^]_ﬃcg3"Uﬃ5U5#(*>7h93ﬃA1/ﬃ5JB$' #"#(81ﬃ5T
æå
Ý ÞUß
§½ç
)*ﬃR7
>@BC=3"UﬃR93ﬃA93ﬃx@"U,5J93ﬃA)*(8=0ﬃ/"U ,T932h5U>@235Vw93>@B$(873ﬃè7]j$g3g3$"U #ﬃ7$7 Jg$5J{4)^]_(*7 #ﬃ"U|M$'1ﬃy
æå
Ý ÞUß
Ô
)*ﬃR7
>@BC=3"UﬃR93ﬃA93ﬃx@"U,5J93ﬃA)*(8=0ﬃ/"U ,T932h5U>@235Vw93>@B$(873ﬃè$g
g$"U #ﬃ7$'7l S{4)^]_(*7 #ﬃ"U|M$'1ﬃy
æå
Ô
3)8ﬃR73>@BC=
"#ﬃA93ﬃA"#ﬃ/)$' #(*>@735`{})i]j(87 ﬃ"o|M$1ﬃ'y
!]_2373ﬃJB$'73(*~/"#ﬃx@,/73,"#$)*ﬃ'[lﬂTy?$'"#W$' ﬃ/ Qy VBãCylHp>@2cﬃ9
ﬁ
Ô
;
ﬃcg3"U(*Bﬃ7 )$RB$' "U(*1ﬃ`ÜÝ ÞUßM1/>@BBﬃ, $7 
)$:5U>@BBﬃ9
ﬃmB$' #"#(*1/ﬃ54Ü
Ý ÞUß
Ý éß
 ,)8,Bﬃ7 $'(*"#ﬃ/51"h1/ﬃ593ﬃ"U73(*~/"#ﬃ5C #"$9
23(*5Uﬃ7 )*ﬃ54"Uﬃ)*$' (8>@735!ﬃ/7 "#ﬃs)8ﬃ5
93ﬃ/x@"#,/5I93ﬃ!)8(*=?ﬃ"o ,r(*7 ﬃ/"U|M$1/($2c93ﬃ5I5U>@235Vw93>@B$(873ﬃ5Áﬃ/ ¥ê3>0$(8735#(i[>@7:g?ﬃ2
 T,1"U(*"Uﬃ[?ﬃ7:5U23g3g?>@5$7 
kl23ﬃr)*ﬃR5#>235oVÑ93>@B$(*73ﬃﬃ5o S)8(*,R{*£ 5#>@235Vw93>B$(873ﬃ5R
Ü
Ý Þ#ß
 ë
¨
éB©Z«
Ü
Ý ÞUß
Ý éß
K
ﬁ
y
ﬀ&¡
Z
¡@Ð
ﬃ p>@7m93,/7
(8 A
Ü
Ý Þ#ß
Ý¤éß

®¯
¯
¯
°

«
ì
Ý ÞUß
Ý¤éß
Hí
¶¸·
·
·
¹
K
ﬁ
y
ﬀ
¢
Z
>ci 
«
ﬃ5o 42373ﬃB$' "U(*1/ﬃ7l23)8)*ﬃ9
ﬃ93(*Bﬃ735U(*>@7þ£
«
 
å
Ý ÞUß
§½ç

å
Ý Þ#ß
Ô
[÷Hí4ﬃ5o }2373ﬃB$' #"#(*1/ﬃ7l23)8)*ﬃ9
ﬃ
9
(*Bﬃ735U(*>@7b£îíﬁ 
å
Ý ÞUß
§½ç

å
Ý Þ#ß
Ô
!ﬃ &ì
Ý Þ#ß
Ý éß
ﬃ5U }2
73ﬃB$\ "#(81ﬃ9
ﬃ1>@737
ﬃ1/ #(8%(8 #,93ﬃ93(8Bﬃ/735#(8>@7b£îïø

å
Ý Þ#ß
§ç

å
Ý ÞUß
Ô
I #ﬃ)8)*ﬃ5Rkl23ﬃ£
«

£îï

£îíﬁ
å
Ô
y+;+$mB$' "U(*1/ﬃ{ì
Ý Þ#ß
Ý éß
g0ﬃ/2
 r/ "Uﬃ9
,1>Bg?>@5#,/ﬃ}1>@BBﬃ
5U23(8 A
ì
Ý ÞUß
Ý¤éß
 Ù

­ñð
Ý ÞUß
Ý¤éß

°
Û
K
ﬁ
y
ﬀ
Ô@Z
>ciå
­
ﬃ/5U 2373ﬃB$' #"#(*1/ﬃ`7l23)*)8ﬃ`93ﬃp93(8Bﬃ/735#(8>@7¯£îï·ð£
­
[
ð
Ý ÞUß
Ý¤éß
ﬃ5o 2373ﬃpB$\ "#(81ﬃ`(893ﬃ7 #(8 ,93ﬃp93(*Bﬃ735U(*>@7
£îï<ò£îï0ﬃ ÷
°
ﬃ/5U N2373ﬃB$\ "#(81ﬃ7l23)8)*ﬃG93ﬃ93(8Bﬃ/735#(8>@7ø£îïjò£
°
 ﬃ)8)*ﬃ/5k2
ﬃ£
­

£îï

£
°

å
Ý ÞUß
§½ç

å
Ý ÞUß
Ô
y
FS(*735U(^[>@7ﬃcg3"U(*BﬃI)*>1&$')*ﬃBﬃ7 )$!1/>@7 (*7l23(é ,I9
ﬃ5kl2$7 (é ,/5g3"#(8B$)8ﬃ5Qﬃ7 "UﬃR93ﬃ2c5#>@235Vw93>B$(873ﬃ5
$'9\#$1ﬃ/7 5òﬃ/ }ê<
Ü
Ý Þ#ß
Ý¤éß

Ý Þ#ß
Ü
Ý¤éß
Ý Þ#ß

Ý¤éß
K
ﬁ
y
ﬀPÒ
Z
FS"#=3(é "#$(*"UﬃBﬃ7 &[>@7:B!23)8 #(*g3)8(*ﬃR2373ﬃ!93ﬃ5R93ﬃ/2c<B$' #"#(*1/ﬃ5Jg$"ó³z493ﬃ!|M$<h>@7<{"#ﬃ5Ug0ﬃ/1/ #ﬃ"R)^]_,kl2$\ (*>7
9
ﬃr1/>@7 (872
(8 ,R9
ﬃ5pkl2$7 (é ,5pg3"U(*B$)*ﬃ/5{4)^]_(*7 ﬃ/"U|M$1/ﬃK
ﬁ
y
ﬁ
Zy
;G]_(*Bg3)*,/Bﬃ/7 $' #(*>@7-93ﬃ5B$\ "#(81ﬃ/5Ü
Ý ÞUß
g0>5#ﬃp237g
"#>@=3)8~Bﬃ)*>@"U5#kl23ﬃp)$R5o "#2
1/ 2
"#ﬃJ93,1/>@23g?,ﬃJﬃ75U>@235V
9
>@B$'(*73ﬃ/51>Bg?>@"U #ﬃT93ﬃ/573>ﬃ23935>ci5#>@7 p1>7373ﬃ1 ,/5Jg
)*235`9
ﬃI93ﬃ25#>235oVÑ93>@B$(*73ﬃ/5AK
6Ç¼PQÄ¼ZÃÆ
[
>2
6¼\uTÄ¼ZÃÆÆ
ZyFS(*735U(^[93$735A)*ﬃ}1&$'5r9u]j237ﬃcﬃBg3)8ﬃ>ci #"#>@(85R5#>@235Vw93>B$(873ﬃ5A5U>@7 -ﬃ/7Í1/>@7 $1 
$'2cs73>ﬃ239
5
ﬀ
[
ﬁ
ﬃ 
¡
KÆx@23"Uﬃ
ﬁ
y
ﬀ
Z[>@7sg?ﬃ2
 S$)8>@"#5,1"U(*"Uﬃ
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
ôPôPôPôPôPôPôPôPôPôPô
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
õ õ õ õ õ õ õ õ õ õ õ
öPöPöPöPöPöPöPöPöPöPöPöPöPöPöPöPöPöPöPöPö
öPöPöPöPöPöPöPöPöPöPöPöPöPöPöPöPöPöPöPöPö
öPöPöPöPöPöPöPöPöPöPöPöPöPöPöPöPöPöPöPöPö
ö ö ö ö ö ö ö ö öPöPöPöPöPöPöPöPöPöPöPöPö
ö ö ö ö ö ö ö ö öPöPöPöPöPöPöPöPöPöPöPöPö
÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷
÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷
÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷
÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷
÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷
ø ø ø ø ø ø ø øPøPøPø
ø ø ø ø ø ø ø øPøPøPø
øPøPøPøPøPøPøPøPøPøPø
øPøPøPøPøPøPøPøPøPøPø
øPøPøPøPøPøPøPøPøPøPø
øPøPøPøPøPøPøPøPøPøPø
øPøPøPøPøPøPøPøPøPøPø
øPøPøPøPøPøPøPøPøPøPø
øPøPøPøPøPøPøPøPøPøPø
øPøPøPøPøPøPøPøPøPøPø
øPøPøPøPøPøPøPøPøPøPø
øPøPøPøPøPøPøPøPøPøPø
øPøPøPøPøPøPøPøPøPøPø
øPøPøPøPøPøPøPøPøPøPø
øPøPøPøPøPøPøPøPøPøPø
øPøPøPøPøPøPøPøPøPøPø
øPøPøPøPøPøPøPøPøPøPø
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ù ù ù ù ù ù ù ù ù ù ù
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
ú ú ú ú ú ú ú ú ú ú ú
û û û û û û û û û û û
û û û û û û û û û û û
û û û û û û û û û û û
û û û û û û û û û û û
û û û û û û û û û û û
û û û û û û û û û û û
û û û û û û û û û û û
û û û û û û û û û û û
û û û û û û û û û û û
û û û û û û û û û û û
û û û û û û û û û û û
û û û û û û û û û û û
û û û û û û û û û û û
û û û û û û û û û û û
û û û û û û û û û û û
û û û û û û û û û û û
û û û û û û û û û û û
üPüPüPüPüPüPüPüPüPüPüPüPüPüPüPüPüPüPüPüPü
üPüPüPüPüPüPüPüPüPüPüPüPüPüPüPüPüPüPüPüPü
üPüPüPüPüPüPüPüPüPüPüPüPüPüPüPüPüPüPüPüPü
ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý
ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý
ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
þ þ þ þ þ þ þ þ þ þ þ
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
ß ß ß ß ß ß ß ß ß ß ß
1
Sous−domaine 2
3
2
Sous−domaine 3Sous−domaine 1
 ÷
ﬁ
y
ﬀ

bN"U>@(*55U>@235Vw93>@B$(873ﬃ5ﬃ/7h1/>@7 $1 
¢
â
ÃÎ
Î
Î
Ä
Î
Î
Î
Å

«


í

íË

­

­


«
K
ﬁ
y
ﬀPÓ
Z
2373ﬃr93ﬃ/5J #"#>@(85"#ﬃ)*$' (8>@73593ﬃK
ﬁ
y
ﬀPÓ
Z`ﬃ5U J"Uﬃ93>@7
9$7 ﬃ-$&%@ﬃ1-)*ﬃ/5J9
ﬃ2ch$2c "#ﬃ/5yFT(8735#(i[3(*)uﬃ5U S73,/1ﬃ5U5$(8"#ﬃ
93ﬃ}g3"U,/%@>(*"R)$5U23g3g3"Uﬃ5U5#(*>793ﬃ/5A"#ﬃ)*$' (8>@735S"#ﬃ9
>@739$7 #ﬃ5r)*>@"U5I93ﬃ4)^]_(*Bg3)8,Bﬃ7 $' #(*>@7m93ﬃ
ÓDÔ
9
ﬁÒ
[
Ò
Ôc[
Ò@Ò<;
yNI$735C)8ﬃ1$93"#ﬃ93ﬃ1/ﬃ "#$P%'$(8)^[73>235!73>235C)*(8B(é >@7
5A{6)^]_,/ #2393ﬃ9
ﬃ5C1$5C>ji )8ﬃ5-5U "U231/ #23"#ﬃ/5C73ﬃ
1>Bg?>@"U #ﬃ7 Jg$593ﬃ3 w1"#>5#5pg0>(*7 5"y
ÔÓVÒÓ 
	óŁî ñ5Ûó~ô Úñ3ñ3Û1Ü3?ÚÝYÜíØ
FS3793ﬃTg3"U,1/(*5#ﬃ/")8ﬃ57
> (8>@735g3"#,/1,9
ﬃBBﬃ/7l ,/%>ckl23,/ﬃ5[
73>@235`g
"#,5Uﬃ7 >735`(*1/(237ﬃcﬃ/Bg3)8ﬃT93, $(8)*)8,
9]j$g3g3)8(*1$' (8>@7¬|M$(*5#$7 m$g3g?ﬃ)A{ï)$ï5o "#2
1/ 2
"#ﬃÎﬃ7L1>@7 "#$(*7 #ﬃ5sg3)$'73ﬃ593,73(8ﬃ5U23"m)$Íx@2
"#ﬃ
ﬁ
y
ﬁ
y
ﬂﬃ)8)*ﬃp1(1/>@Bg0>@"o ﬃ "U>@(*5G5U>@235Vw93>@B$(873ﬃ5G1/>@735U #(8 #23,51W$1/23793ﬃJ93ﬃ/2c,)8,Bﬃ7 573(85kl2$'93"#(8)$' #~"#ﬃ/5
(*5U>@g$"#$B,/ "U(*kl23ﬃ/5A{skl2$\ "#ﬃ73>ﬃ239
5rﬃ r93ﬃ2c1/>@Bg0>@5#$7 ﬃ/5r9
293,/g3)$'1ﬃBﬃ7 

ﬃ 6g$"A73>ﬃ2
9y
1 2
34
5
6
7
9
8
10
11
12
13 14
1516
17
18
Sous−domaine 1 Sous−domaine 2 Sous−domaine 3
 
ﬁ
y
ﬁ

S,1>Bg?>@5#(é (8>@7ﬃ7m5#>@2
5oVw9
>@B$'(*73ﬃ/5
;ﬃ5p73>ﬃ239
5TÔ[
Ò
[
ﬀ@ﬀ
ﬃ 
ﬀ¸ﬁ
5#>@7 p93,/93>@23=
)*,5J{4)^]_(*7 #ﬃ"U|M$'1ﬃ}K"#ﬃ5Ug0ﬃ/1/ #(8%@ﬃ/Bﬃ/7 T$&%ﬃ1r)*ﬃ57
>cﬃ/23935
Ó
[
ﬀ
â
[
ﬀP¡
ﬃ/ 
ﬀPÒ
Zy3FS(*735U(^[3)*$C5U "U231/ #23"#ﬃA >' $)8ﬃI1>@Bg
 #ﬃr9
(élVwWl23(é 73>ﬃ23935/y
EG7ï1>@7
5#(*9
,"$'7l !kl23ﬃ >235C)*ﬃ/5!,/)*,Bﬃ7 #5!93ﬃ)*$m5o "U231/ #23"#ﬃ5U>@7 C2373(é $(8"#ﬃ/5[+)$mB$' #"#(81ﬃ93ﬃ"#(8x@(*9
(8 ,
¢
ﬀ
,/)*,/Bﬃ/7l $(*"Uﬃ

º
ﬃ/7h1/>@7 "$'(*7 ﬃ/5Jg
)$73ﬃ/5J$}g?>@23"ﬃcg3"#ﬃ/5#5#(8>@7Í

º

¤
®¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
°
¿
­
Æ
­#Ý
¿
«
Æ
ß
«
°
¿
°

¿
­
Æ
­#Ý
¿
«
Æ

ß
Ł7£
­
Æ
¿ﬁﬀ Æ ﬀ 

«
¿
­

°
¿
°


¿
­
Æ
­#Ý
¿
«
Æ

ß
«
¿
­

¿
°
Æ
°



­
¿
­


«
¿
°
Æ
°

¿
­
Æ
­#Ý
¿
«
Æ

ß
¿
Ý
¿
­
Æ
ß
ﬀ
Ý
¿
«
Æ

ß
«
¿
°
Æ
°


­
¿
­


«
¿
­

°
¿
°


¿
­
Æ
­#Ý
¿
«
Æ

ß
«
¿
°
Æ
°

¿
Ý
¿
­
Æ
ß
ﬀ
Ý
¿
«
Æ

ß
«
¿
­

¿
°
Æ
°


­
Æ
¿ﬁﬀ Æ ﬀ 

«
°
¿
°

¿
­
Æ
­#Ý
¿
«
Æ

ß

­
¿
­


«
¿
­

¿
°
Æ
°


¿
Ý
¿
­
Æ
ß
ﬀ
Ý
¿
«
Æ

ß
«
°
¿
°

­
Æ
¿ﬁﬀ Æ ﬀ 

«
¿
­

°
¿
°


¿
­
Æ
­#Ý
¿
«
Æ

ß
«
¿
­

°
¿
°


­
Æ
¿ﬁﬀ Æ ﬀ 

«
°
¿
°

¿
Ý
¿
­
Æ
ß
ﬀ
Ý
¿
«
Æ

ß
«
¿
­

¿
°
Æ
°



­
¿
­


«
¿
°
Æ
°

¿
­
Æ
­#Ý
¿
«
Æ

ß
¶¸·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
¹
K
ﬁ
y
ﬀPÛ
Z
93$735)$'k2
ﬃ)*)8ﬃ

ﬃ ﬃﬂ5#>@7 p"#ﬃ/5#g?ﬃ1 (8%ﬃBﬃ7 J)*ﬃIB>9323)*ﬃS93ﬃTŁ>@237
xﬃ p)*ﬃI1/>cﬃ#á1(*ﬃ/7 p93ﬃADN>@(85#5U>@7s932
B$' #,"#(*$2y
;ﬃ/5`5UY5U #~Bﬃ5B$' "U(*1/(*ﬃ)85$5#5U>c1/(*,/5$2cg3"#>=3)*~/Bﬃ/593ﬃ/5`5#>@2
5oVw9
>@B$'(*73ﬃ/55#>7l `g0>@2
")^]_(*7
5U $'7l Q5#(873x@2cV
)8(*ﬃ/"#5y?;ﬃ!5U>@235Vw93>@B$(873ﬃæCg?>@5U5#,93$7 R93ﬃ2:73>ﬃ2
935Rﬃ731$5U #"#,/5K1!ﬃ ø©lZ[0(8)Xﬃ/5U Rg?>@5U5#(*=
)*ﬃ!9u]$¸U>2
 ﬃ/"
9
ﬃ5RBC23)é (8g3)*(81&$' #ﬃ23"U5J9
ﬃ};X$'x@"$7
x@ﬃCkl23( #(*ﬃ7
73ﬃ7 A1>Bg
 #ﬃC93ﬃ41/ﬃ5A=3)*>1&$'x@ﬃ5Sﬃ/ A"#ﬃ/7393ﬃ/7l r"U,x@23)8(*ﬃ/"T)*ﬃ
5oY5U ~/BﬃT$(*7
5#(ﬃcg$'735#,'y3;+$rB$' #"#(*1/ﬃ

Ý«ißﬃ5o `g$"1>735#,/k2
ﬃ7 93ﬃJ93(*Bﬃ7
5#(*>7, "!Ł 
ylEG7"#ﬃ%'$731W3ﬃ'[
)8ﬃ5p5UY5o ~Bﬃ5I$5#5U>c1/(*,5T$2cm5U>@235oVÑ93>@B$(*7
ﬃ5e¤ﬃ 5¦93ﬃBﬃ23"Uﬃ7 I5U(*73x23)*(8ﬃ"#5pﬃ/76)^]_,/ $' Jﬃ/ S73,1/ﬃ5U5#(8 #ﬃ7 
)i]j2c (*)8(*5#$' (8>@79
ﬃ5pB$\ "#(81ﬃ/5g35#ﬃ/2393>'VÑ(*7%@ﬃ/"#5#ﬃ/5

Ý
í
ß
Æ
ﬃ/ 

Ý]­ß
Æ
$(8735#(kl23ﬃr93ﬃ/5JB$' #"#(*1/ﬃ5
Ê
Ý
í
ß
ﬃ/ 
Ê
Ý]­ß
y
T$7354)*ﬃ1&$54g
"#,5Uﬃ7 &[G1/ﬃ5}B$' "U(*1ﬃ/5!5U>@7 }93ﬃ93(*Bﬃ7
5#(*>7 J¤
ò¦
y;ﬃ54g
5#ﬃ2
93>'Vw(87%@ﬃ"U5#ﬃ/5

Ý
í
ß
Æ
ﬃ 

Ý]­ß
Æ
5U>@7 Tﬃ/)*)*ﬃ/5`93ﬃr93(*Bﬃ7
5#(*>735 J¤*ÀJ¤y
vw)|M$2c 93, ﬃ/"#B(*73ﬃ/"Q)8ﬃ5B$' #"#(*1/ﬃ5Ü
Ý±«iß
[Ü
Ý
í
ß
ﬃ Ü
Ý]­ß
yÜ
Ý±«iß
ﬃ5U 93ﬃT9
(*Bﬃ735U(*>@7$#ø, c[ﬃ `Ü
Ý
í
ß
ﬃ/ `Ü
ÝQ­ß
5U>@7 R93ﬃC9
(*Bﬃ735U(*>@7%#æ J¤1$"I9$7
5I)$5U "U231/ #23"#ﬃ41/>@Bg3)*~ ﬃ[>@7Î$k23$' "UﬃC73>ﬃ23935T1>@23g
)*,5T93ﬃ2c
{s93ﬃ/2c0[X1W3$1237Í,/ $'7l !$5U5#>1(*,{s93ﬃ2Í9
ﬃx@"U,5r93ﬃ)8(*=?ﬃ"o ,[u5#>@(é -2
7 >' $)9
ﬃ
Û
93ﬃx"#,5-93ﬃ)*(*=?ﬃ"o ,
1/>@23g3)8,55U23"G)$S5U "U231/ #23"#ﬃ1/>@Bg3)*~ ﬃ[\1ﬃkl23(
"#ﬃg
"#,5Uﬃ7 ﬃp)8ﬃ73>@B!=3"#ﬃ`9
ﬃ)*(*x73ﬃ5N93ﬃ` >@2c ﬃ5)*ﬃ5B$' #"#(81ﬃ5
Ü}Ý ÞUßy
DN>@2
"`1ﬃ/)$
[>@793>@(é `$'93>@g
 #ﬃ"`237
ﬃI1>@7%ﬃ7 (8>@7sg0>@2
"`)^]_,1/"#(8 #23"#ﬃJ93ﬃ/5B$' #"#(81ﬃ5ÜÝ Þ#ß+1>@731/ﬃ"U7$7 
)8ﬃA"#ﬃBg3)8(*5#5#$x@ﬃR93ﬃ/5T)8(*x@73ﬃ/5y?dI761W
>@(*5U(8 J93>@731r9]j$'.0ﬃ1/ #ﬃ"S)*ﬃ5
ﬁ
g3"#ﬃ/B(8~"#ﬃ/5S)8(*x@7
ﬃ593ﬃ!ÜÝ ÞUßG$267
>cﬃ/239
Ô[?g
23(*5J)*ﬃ/5T5#2
(8%'$7 ﬃ/5I$2h73>cﬃ/239
Ò
[
Ð
ﬃ 
ﬀ
â
y?;+ﬃ/5I"#ﬃ/)$' #(*>@7
5J9
ﬃ!1>7l #(*7l23(é ,r93ﬃ5Sk23$7 (8 #,5Sg3"#(8B$)8ﬃ5
¢
ﬁ
{})^]_(*7 ﬃ/"U|M$1/ﬃI5#>@7 J93>@7
73,ﬃ/5Sg$'"J)8ﬃR5UY5U #~Bﬃ
ÃÎ
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Ä
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Å
'&
³
)(


&
³*
(
 

ﬀ
³

«,+
 

ﬀ
³-
«,+
 

«>«
³

«D­


«>«
³*
«D­


«
í³

«
ﬀ


«
íò³*
«
ﬀ

K
ﬁ
y
ﬀ&Ð
Z

;+$}B$\ "#(81ﬃAÜÝ±«ißG(*739
(*kl23ﬃA)*ﬃ/5J"Uﬃ)*$' (8>@735932h93>@B$(*73ﬃ
ﬀ
$&%@ﬃ/1-)8ﬃ5J93>@B$(*73ﬃ/5ﬃ7%(*"U>@737$7 #5CK9$735
7
> "Uﬃm1$5g$"U #(*1/23)*(8ﬃ"[)*ﬃs93>@B$(*7
ﬃ
ﬁ
Zy;ﬃ573>ﬃ239
5)8>c1$2cÔ<ﬃ/ 
Ò
5U>@7 ﬃ/7"Uﬃ)$\ (*>7$&%ﬃ16)8ﬃ
9
>@B$'(*73ﬃ
ﬁ
ﬃ S)8ﬃ593ﬃ/2cm93ﬃ/x@"#,/5S93ﬃA)8(*=?ﬃ"U #,

.5#>@7 JB(85ﬃ7m1>@BBC237uy
Ü
Ý±«iß

®¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
°
               
               
               
               
               
               
               
               
¶¸·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
¹
K
ﬁ
y
ﬁ
âZ

;+$}B$\ "#(81ﬃAÜÝ
í
ßG(*739
(*kl23ﬃA)*ﬃ/5J"Uﬃ)*$' (8>@735932h93>@B$(*73ﬃ
ﬁ
$&%@ﬃ/1-)8ﬃ5J93>@B$(*73ﬃ/5ﬃ7%(*"U>@737$7 #5CK9$735
7
> "Uﬃ1&$5}g$"o (8123)8(*ﬃ"/[N)8ﬃ93>@B$(873ﬃ
ﬀ
ﬃ/ )8ﬃ93>@B$(*7
ﬃ
¡
Zy;ﬃ5}73>ﬃ23935})8>c1$2c
ﬀ
ﬃ 
¢
5#>@7 }ﬃ7
"Uﬃ)*$' (8>@7<$&%@ﬃ/1)8ﬃC93>@B$(*7
ﬃ
ﬀ
ﬃ/ A)*ﬃ/5R73>ﬃ23935-Ôﬃ/ 
Ò
5U>@7 Aﬃ7"#ﬃ)*$' (8>@7<$&%@ﬃ/1)8ﬃC93>@B$(873ﬃ
¡
ﬃ/ A)8ﬃ5
9
ﬃ2cm93ﬃ/x@"#,/5p93ﬃA)*(*=?ﬃ"o ,

.5#>@7 JB(*5`ﬃ/7h1/>@BB!237y
Ü
Ý
í
ß

®¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
°
³           
 ³z          
      ³     
       ³    
           
           
           
           
¶¸·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
¹
K
ﬁ
y
ﬁﬀ
Z

;+$}B$\ "#(81ﬃAÜ
Ý]­ß
(*739
(*kl23ﬃA)*ﬃ/5J"Uﬃ)*$' (8>@735932h93>@B$(*73ﬃ
¡
$&%@ﬃ/1-)8ﬃ5J93>@B$(*73ﬃ/5ﬃ7%(*"U>@737$7 #5CK9$735
¢
¡
73> #"#ﬃm1&$5g$"o (8123)8(*ﬃ"/[)8ﬃm9
>@B$'(*73ﬃ
ﬁ
Zy;ﬃ573>cﬃ/23935)*>1&$2c
ﬀ
ﬃ 
¢
5#>7l ﬃ7"#ﬃ/)$' #(*>@7ç$&%@ﬃ/16)*ﬃ
93>@B$(873ﬃ
ﬁ
ﬃ/ p)*ﬃ/5p93ﬃ2c93ﬃx@"U,5J93ﬃA)*(8=0ﬃ/"U ,

/5#>7l JB(*5`ﬃ/7h1/>@BBC237y
Ü
ÝQ­ß

®¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
¯
°
           
           
           
           
³z           
 ³z          
      ³z     
       ³z    
¶¸·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
¹
K
ﬁ
y
ﬁ@ﬁ
Z
T$735p1ﬃ # ﬃA1/>@7
x@2
"$' #(*>@7[
>@76$4=3(8ﬃ7Î
Ü
Ý±«iß½Ý±«ißU
Ü
Ý
í
ß½Ý
í
ßU
Ü
Ý]­ßqlÝ]­ß
  K
ﬁ
y
ﬁ¡
Z
1/ﬃAk2
(ﬃ5U J,/k2
(8%'$)*ﬃ/7 T$'2m5oY5U ~/Bﬃ
ﬁ
y
ﬀPÐ
y
;ﬃ/5R5#>@235Vw93>B$(873ﬃ5z¤ﬃ z¦s9
>@(8%ﬃ7 rB$(87 ﬃ73$7 R/ #"#ﬃ4 "#$(8 #,5I93ﬃ}B$73(8~"#ﬃ!5#g?,1(*$)*ﬃ!1>@Bg
 ﬃC #ﬃ7l2
9
ﬃ5`B>c9
ﬃ5"#(*x(*93ﬃ/5Qkl2]_(*)851>7l #(*ﬃ/7373ﬃ7 ydI7$g3g
)*(*kl23ﬃJ93>@7
1T)$rB, W3>93ﬃSg3"#,/5#ﬃ7 #,ﬃRg3"U,1,/93ﬃBBﬃ7 
ﬃ p>@7m,/%'$)*2
ﬃR)$4B$\ "#(81ﬃ
Õ¥Ô
93,/7
(*ﬃAg$"R
ÕÖÔ

Ù
ÜÝ
í
ß
Ê
Ý
í
ß ÜÝQ­ß
Ê
Ý]­ß¦Û
K
ﬁ
y
ﬁ
¢
Z
kl23(uﬃ5U p9
>@731I237
ﬃRB$' #"#(81ﬃ0#ﬁ1
[c(*5U5#23ﬃR93ﬃR)i]$'5#5#>1(*$' (8>@71/ ﬃI{C1 #ﬃR93ﬃR93ﬃ2B$' "U(*1ﬃ/52#ﬁ¡¦
y
Tﬃ
)*$CB/BﬃRB$73(8~"Uﬃ[
>7h1$)*1/23)*ﬃR$')*>@"U5)$CB$' "U(*1ﬃ
ÓDÔ
9
,/73(8ﬃAg$"R
Ó<Ô
ìÜ
Ý«iß

Ý±«iß¿
«
Ü
Ý«iß
¬ 
Ü
Ý
í
ß

Ý
í
ß
Æ
Ü
Ý
í
ß
¬&
Ü
Ý]­ß

ÝQ­ß
Æ
Ü
Ý]­ß
¬
K
ﬁ
y
ﬁ
Ô@Z
kl23(Nﬃ5o I2373ﬃ!B$' #"#(81ﬃ3#æ4#
[?1]_ﬃ5U r{93(*"Uﬃ-93ﬃ!93(*Bﬃ735U(*>@7h,x$')*ﬃ-$2:73>@B!=3"#ﬃr > $)N9
ﬃC1>@2
g3)$xﬃ5T9
ﬃ
)*$C5U #"#231 23"Uﬃy
vw)"#ﬃ/5U #ﬃB$(87 ﬃ73$7 C{6 #"$(é ﬃ"r)*ﬃ/5!ﬃ.u>@"o 54$'g3g3)*(8kl23,5-5#23"C)*$h5o "#2
1/ 2
"#ﬃyDN>@23"!1ﬃ)*$
[X>@7 1>735U #"#23(é 
 #"#>@(85r%ﬃ1 ﬃ2
"#5}9]_ﬃ/.0>@"U #5»
Ý«iß
[D
Ý
í
ß
ﬃ ó
ÝQ­ß
5#23"!1W$12
7ç9
ﬃ5
¡
5U>@235oVÑ93>@B$(*7
ﬃ5yﬂ>@Bg
 ﬃ ﬃ7l2ï93ﬃ/5
1/>@7393(é (8>@735$2s)*(8B(é ﬃ5Q93>@737
,ﬃ5J5#2
"J)*$!x@23"Uﬃ
ﬁ
y
ﬁ
[3>@7s "#>2
%@ﬃA)*ﬃR"U,5U23)8 $' p5#23(é%'$7 -
ÃÎ
Î
Î
Î
Ä
Î
Î
Î
Î
Å
Ý±«ißt
Ù
            5
«76/«
5
°86Ñ°
Û
¬
Ý
í
ßtÙ
           
Û
¬
Ý]­ßt
Ù
        Í  Í NÛ
¬
K
ﬁ
y
ﬁÒ
Z
¢¢
DG23(*5p>@7s1/>@735U #"#23(é J)*ﬃ5`%ﬃ1 ﬃ2
"#5T9
ﬃ5pﬃ/.0>@"U #5p(*7 ﬃ/"U|M$1/($2c H×-ﬃ/ è-Ø4{4g$'"U (8"93ﬃA)*ﬃ/23"#593,73(é (*>735R
Ã
Ä Å
×ø8³æÇÜÝ±«iß

Ý±«iß ¿
«
Ý«iß

ÜÝ
í
ß

Ý
í
ß
Æ
Ý
í
ß

ÜÝ]­ß

Ý]­ß
Æ
ÝQ­ß
É
-Øø Ù
³
Ê
Ý
í
ß
¬  Ý
í
ß ³
Ê
Ý]­ß
¬  Ý]­ß Û
K
ﬁ
y
ﬁÓ
Z
kl23(5U>@7 R93ﬃ5I%ﬃ1 ﬃ2
"#5A93ﬃ493(8Bﬃ/735#(8>@79#ﬃ :"#ﬃ/5#g?ﬃ1/ #(8%ﬃBﬃ7 KM)8ﬃ!73>@B!=3"#ﬃ! #> $')N93ﬃ41/>@23g3)*$x@ﬃ/5T93ﬃ
)$5U #"#231 23"Uﬃ!g?>@23"J)*ﬃrg3"#ﬃ/B(8ﬃ"[ﬃ T)8ﬃ-73>BC=3"#ﬃA >' $)+93ﬃr%@ﬃ1 ﬃ/23"#5R93ﬃ/5TB>c9
ﬃ5S{,7
ﬃ"#x(*ﬃ!7l23)8)*ﬃAg?>@23"
)^]_ﬃ7
5#ﬃB!=3)*ﬃA93ﬃ/5JB$' #"#(*1/ﬃ593ﬃA"U(*x@(893(8 #,T93ﬃA)$C5o "U231/ #23"#ﬃrg0>23")*ﬃR5Uﬃ1>739Zy
dI7hg?ﬃ2c T$')*>@"U5`1>@7
5U "U23(*"UﬃA)*ﬃR5UY5o ~BﬃrB$' #"#(81(*ﬃ/)05U23(8%'$7 r
®
° ÓDÔ ÕÖÔ
Õ
¬
Ô

¶
¹
®
°
­
Ë
¶
¹

®
°
×
Ø
¶
¹
K
ﬁ
y
ﬁ'Û
Z
9$7
5J)8ﬃkl23ﬃ/)X)*$CB$\ "#(81ﬃIﬃ/5U J1&$'"#"#,/ﬃAﬃ/ J93ﬃA93(*Bﬃ7
5#(*>7Íª©bª©3[3ﬃ S)8ﬃ593ﬃ/2cs%@ﬃ/1/ #ﬃ23"U5T$5U5#>1(8,5p5#>@7 
93ﬃ493(8Bﬃ/735#(8>@7bª©
ydI7<"#,/5#>@2
 r$')*>@"U5T1)*$5#5U(*kl23ﬃ/Bﬃ/7l I)*ﬃC5oYc5o ~/Bﬃ}1&$'"I)$B$' #"#(*1/ﬃ!93>7373,ﬃ41/(éVÑ93ﬃ5U5#235
ﬃ5o T(87%@ﬃ"U5#(8=3)*ﬃ'[3ﬃ/ J>@7s>@=
 #(*ﬃ/7l J$')*>@"U5)*ﬃI%@ﬃ/1/ #ﬃ23"J5#>@)82
 (8>@7<
®¯
¯
¯
°
­
ËÝ
í
ß
ËÝ]­ß
¶¸·
·
·
¹

®
°
­
Ë
¶
¹
K
ﬁ
y
ﬁ'Ð
Z
9$7
5J)8ﬃkl23ﬃ/)^[)*ﬃ/5`%@ﬃ/1/ ﬃ/23"#5¦ËÝ
í
ßﬃ èË+Ý]­ß5#>7l J1W$'1237h93ﬃA93(*Bﬃ735U(*>@7
¦cy
;ﬃ5r%@ﬃ1 ﬃ/23"#545U>@)*2
 #(*>@7
5r9
ﬃ5! #"#>@(85r5U>@235Vw93>@B$(873ﬃ5r5#>@7 C$)*>@"U5A>@=
 ﬃ/7l235Cﬃ7Í2
 (8)*(*5#$7 A)*ﬃ/5-"Uﬃ)$\ (*>735
5#2
(8%'$7 ﬃ/5-
ÃÎ
Î
Î
Ä
Î
Î
Î
Å

Ý±«ißŁ

Ý±«iß
¿
«
Ç
Ý±«iß

ÜÝ±«iß
¬
­
É

Ý
í
ß


Ý
í
ß*Æ£Ç

Ý
í
ß

Ü
Ý
í
ßK¬
­
É
_Ê
Ý
í
ß
Ë
Ý
í
ß

Ý]­ß


Ý]­ß*Æ£Ç

Ý]­ß

Ü
Ý]­ßK¬
­
É
_Ê
Ý]­ß
Ë
ÝQ­ß
K
ﬁ
y
¡
âZ
kl23(u5U>@7 9$7
5`73> #"#ﬃT1$5 #"#>@(85%ﬃ1/ #ﬃ23"U5p93ﬃT93,/g3)$'1ﬃBﬃ7 9
ﬃT93(8Bﬃ/735#(8>@735"Uﬃ5Ug0ﬃ/1/ (é%@ﬃ/5ø 
[ J¤-ﬃ 5J¤
1>7l #ﬃ7$'7l J)8ﬃ5`93,/g3)$'1ﬃBﬃ7 #593ﬃ55U(é7
>cﬃ/2393593ﬃR1W$'k2
ﬃr5U>@235Vw93>@B$(873ﬃT9$'735)*ﬃ/5`93ﬃ2s93(*"Uﬃ1 (*>735
93ﬃA)^]_ﬃ5Ug$1/ﬃ

ﬃ/ ;[$(*7
5#(kl23ﬃA)*ﬃ/5pBC23)8 #(*g3)8(*1$' ﬃ/23"#593ﬃr;+$x@"$'73x@ﬃRg?>@23"p)*ﬃRg3"UﬃB(*ﬃ/"`5#>@2
5oVw9
>@B$'(*73ﬃ'y
ÔÓVÒÓ,< = ÖtÞ7íÛïÝÜíØ ô3ï ñ3ÙÑí3Û(Łîó Ü1ØÝó/ÙI¾ÚWÜÚÛ
;ﬃAg3"#>@=
)*~BﬃR(*7 #ﬃ"U|M$'1($')
®
°
ÓDÔ ÕÖÔ
Õ
¬
Ô

¶
¹
®
°
­
Ë
¶
¹

®
°
×
Ø
¶
¹
K
ﬁ
y
¡cﬀ
Z
¢
Ô
g?ﬃ2c / #"#ﬃR"#,/5#>@)82sg$"`(87l%ﬃ"U5#(*>793(*"Uﬃ1/ #ﬃR1>@Bg
 #ﬃT ﬃ/72m93ﬃ/51W3>@(ékl23ﬃR73>@235p$&%>@735p"#ﬃ ﬃ7l2y3I$735p)*ﬃ
1$5px@,7
,"$')^[)*ﬃR5oY5U ~/BﬃK
ﬁ
y
¡
ﬀ
Zﬃ/5U S(*739
,/73(i[3ﬃ/ T$231/2373ﬃrB, W3>93ﬃA93ﬃAx@"#$93(*ﬃ/7 S1/>@7\U23x23,A73ﬃ-g?ﬃ2c 
 "Uﬃ$g3g3)8(*kl23,/ﬃ59
ﬁ
Ôc[
Ò@ÓJ;
y@;ﬃ`g$"o (é (*>7373ﬃBﬃ7 932C%@ﬃ/1/ ﬃ/23"
­
{I)i]$'(*93ﬃ9]_2374>@g?,"$\ ﬃ2
"93ﬃg3"U>\Uﬃ1 (*>7
è
­

­
+


>
­
K
ﬁ
y
¡ﬁ
Z
 #"$7
5U|>@"UBﬃR)8ﬃIg3"#>=3)*~/BﬃR(87393,/373(ﬃ7mg3"#>=3)*~/BﬃI5UﬃB(éVÑ93,/7
(93ﬃA)$!|>@"UBﬃ4
D
¬
Ó<Ô
»
>
­
 
¬
q×¦³
ÓDÔ
­
+
 K
ﬁ
y
¡@¡
Z
93$735p)$CBﬃ5U23"#ﬃA>jim>@7m$93>@gc ﬃz ﬃ/ 
­
+
 ﬃ)85pk2
ﬃ
ð
ð
³
Õ¥Ô

Õ
¬
Ô
Õ¥Ô

¿
«
Õ
¬
Ô
K
ﬁ
y
¡
¢
Z
ﬃ A
­
+

ÕÖÔ

Õ
¬
Ô
Õ¥Ô

¿
«
-Ø K
ﬁ
y
¡
Ô@Z
DX>@23""#,/5#>@239
"#ﬃI)8ﬃJg
"#>@=3)8~BﬃCK
ﬁ
y
¡@¡
Z[>7g0ﬃ/2
 |M$(*"UﬃS$'g3g0ﬃ/)u{r237$')*x@>@"U(8 #W3BﬃpDﬂ`DqáKiDG"#ﬃ/1>@739
(8 (8>@7cV
7
ﬃ9Íﬂ>@7\U23x$\ ﬃDG"#>\Uﬃ/1/ ﬃ/9òqR"$93(8ﬃ7 Z[1>BBﬃ4g3"#,/5#ﬃ/7l #,ﬃ/7Í$7
73ﬃcﬃ6KMg$xﬃ
ﬀﬀPÛ
ZyD)8235#(8ﬃ23"U5Ag3"#,V
1/>@7393(é (8>@7373ﬃ/23"#5J5#>@7 T93(*5Ug0>@7
(*=3)8ﬃ5p9$735S)$})*(é # ,/"$' #23"#ﬃ}?g3"#,/1>@7
93(8 #(*>@737
ﬃ23"J93ﬃCS(*"#(81W3)*ﬃ !KM>@g
 #(*B$)
B$(85J1/>@735U>@BB$' #ﬃ23"J93ﬃ- #ﬃBg35T9
ﬃC1&$)8123)85Zﬂ9
ﬁ'Ò
[
¡
Ô
;
[0g3"U,1/>@7393(é (*>7373ﬃ2
"TRav9
¡
Ô
;
[?g3"#,/1>@739
(8 (8>@7cV
7
ﬃ23"p93(*$x@>@7$')F9
ﬁÒZ;
y
;+$s"#,/5#>@)82
 (8>@7Î932Íg3"U>@=3)8~Bﬃ4(*7 ﬃ/"U|M$1/($)g?ﬃ"UBﬃ r93ﬃ9
,/ ﬃ/"#B(*73ﬃ/"
­
ﬃ r)*ﬃ5¥Ë
Ý ÞUß
$5#5U>c1/(*,5-$2c5U>@235V
9
>@B$'(*73ﬃ/5Cñ> # $7 5/ydI7"#,(87 "#>9323(é }1ﬃ/593>@7
73,ﬃ/59$7
5)8ﬃ5,kl2$' #(*>@7356K
ﬁ
y
Ó
ZCﬃ :K
ﬁ
y
Û
Z}"Uﬃ)*$' (é%@ﬃ5
{1W$kl23ﬃÎ5#>@2
5oVw9
>@B$'(*73ﬃ'[Q1/ﬃ<k2
(Tg?ﬃ"#Bﬃ/ 93ﬃ:1&$')*12
)*ﬃ")*ﬃ/5kl2$7 (é ,5g
"#(*B$)8ﬃ5

Ý Þ#ßA5#23"1W3$kl23ﬃ
5U>@235Vw93>@B$(873ﬃy
Æ§yÇÆ ?· Ì¡# Ï*aﬂŁ#ﬁÏﬃð:uﬃÊË ÌÍﬁÎt¨Ł:Ï Ï-Ît¡ÎWÐÑﬃﬁ ﬂ{ÏﬃÎ
ÔÓTÔÓVÒ @ÚÝYïàÙÑó~ôeótÞBAËï3ÚØÝYÜBÝÖtÞòÞ7ótÛíØ ÛÚñ0CEDÞYÜFAïeó
EG7 W3ﬃ/"#B(*kl23ﬃ[+)8ﬃ5AB$\ "#(81ﬃ/5

Ý Þ#ß5U>@7 !93ﬃ/5!B$' "U(*1/ﬃ5A93ﬃ1>@739
231/ #(8%(8 #, #W3ﬃ"UB(8k2
ﬃ[)*ﬃ/5r%ﬃ1 ﬃ2
"#5

Ý Þ#ßu93,/5#(8x@73ﬃ7 93ﬃ/5%ﬃ1/ #ﬃ23"U593ﬃp ﬃ/Bg?,"#$' 2
"#ﬃ573>9$)8ﬃ5JK73> ,/5GRÝ Þ#ßMZﬃ/ )*ﬃ/5G%@ﬃ1 ﬃ/23"#5òÝ Þ#ß?93,5U(*x@7
ﬃ7 
9
ﬃ5%@ﬃ/1/ ﬃ/23"#5h93ﬃ<ñ2cø7
>c9$'2c¦KM7
> ,/5NÍÝ ÞUßiZ·>)*ﬃ:%@ﬃ/1/ #ﬃ23"m93ﬃ5mkl2$7 (é ,/5m9
2$)*ﬃ/5(*7 ﬃ/"U|M$1/($)8ﬃ5
­
"Uﬃg3"U,5Uﬃ7 ﬃh)*ﬃ54ñ2,/1W$73x,5{Î)^]_(*7 #ﬃ"U|M$'1ﬃﬃ7 #"#ﬃ6)8ﬃ5}5#>235oVÑ93>@B$(*73ﬃ/5[G)8ﬃ54 ﬃ/"#Bﬃ5
Ê
Ý ÞUßqËÝ Þ#ßI5U>@7 
W
>@B>x@~73ﬃ/5G{R93ﬃ5 #ﬃBg0,/"$' #23"#ﬃ/5yT$735)*ﬃ`1$5G93ﬃ)*$I1>@739
231/ #(*>@7C #W3ﬃ"UB(8k2
ﬃ[@)8ﬃ593>7373,ﬃ/5g3"#(8B$)8ﬃ5
5U>@7 9
ﬃ5Q #ﬃBg0,/"$' #23"#ﬃ/5Q7
>c9$')*ﬃ5/[)*ﬃ/5Q93>7373,ﬃ/59323$)*ﬃ/5Q5U>@7 93ﬃ/5Qñ273>c93$2cﬃ/ Q)*ﬃ/5Q1/>@7393(é (8>@735$2c
¢
Ò
)*(8B(é ﬃ/5`5#>@7 T(*7 "U>c932
(8 ﬃ/5p5#>@235p|>@"UBﬃA93ﬃr ﬃBg?,"$\ 23"Uﬃ5J(*Bg0>@5U,ﬃ/5y;ﬃ5S1>@739
(8 (8>@735p93ﬃr1>@7%ﬃ1/ #(*>@7
$g3g
)*(*kl23,/ﬃ5R$'2c<5U23"U|M$1/ﬃ5R(8Bg3)8(*kl23ﬃ/7l S93ﬃ/5Ig3"#>1,/9323"Uﬃ5Rg$"o (8123)8(*~"Uﬃ5S93ﬃ! "#$(8 #ﬃBﬃ7 I9
ﬃ5RB$' "U(*1ﬃ/5

Ý Þ#ßﬃ ¦Ý Þ#ß
;+$B>93,)8(*5$\ (*>7 ,)8ﬃ1/ #"#(8k2
ﬃh5Uﬃh)8(*B(8 ﬃ$2ç1&$5"#,/5#(*5o (é|CG)*ﬃ/51/>@"#g
55U>@7 )8ﬃ5#(*~/x@ﬃm93ﬃh5U>@23"U1ﬃ593ﬃ
1W$)8ﬃ23"Jg$"pﬃ.uﬃ 
z
>23)*ﬃA)*>"#5#kl2]_(*)85`5#>7l S5#>23B(85p{2
73ﬃr #ﬃ735U(*>@7mﬃ/ p #"$&%@ﬃ/"#5#,/5Ig$"p237m1>23"$7 y0DN$"
1>735#,/k2
ﬃ7 &[)*$JB>c9
,)*(85$' #(*>@7A,/)*ﬃ1 "U(*kl23ﬃﬃ5U G$7$)8>@x@23ﬃQ{S)*$SB>c93,/)*(85$' #(*>@7I #W3ﬃ"UB(8k2
ﬃS\)*ﬃ/5B$' "U(*1ﬃ/5

Ý Þ#ß 5U>@7 p93ﬃ5pB$' "U(*1ﬃ/5`93ﬃA1>7393231 (8%(é ,I,/)*ﬃ1 "U(*kl23ﬃ[)8ﬃ5%ﬃ1 ﬃ2
"#5

Ý Þ#ß 9
,5#(8x@73ﬃ/7l p9
ﬃ5%@ﬃ/1/ ﬃ/23"#5J93ﬃ
g?> ﬃ/7l #(*ﬃ/)*5X73>c93$2cKM73>' ,5IH4Ý Þ#ßiZ+ﬃ )*ﬃ/5N%ﬃ1/ #ﬃ23"U5sÝ ÞUß393,5U(*x@73ﬃ/7 G93ﬃ51>@23"#$7 5N73>c93$2cKM73>' ,5Í+Ý ÞUßMZ?>
)*ﬃr%@ﬃ/1/ ﬃ/23"A93ﬃ5Tk23$7 (8 #,5I9
2$)*ﬃ/5I(*7 #ﬃ"U|M$'1($')*ﬃ5
­
"#ﬃg
"#,5Uﬃ7 ﬃ})8ﬃ5T1/>@23"#$7 5I,/1W$73x@,/5r{)^]_(*7 ﬃ/"U|M$1/ﬃ
ﬃ7 #"#ﬃ!)8ﬃ5J5#>@2
5oVw9
>@B$'(*73ﬃ/5[)*ﬃ/5J #ﬃ"UBﬃ/5
Ê
Ý Þ#ßÐËÝ ÞUß5#>@7 IW
>@B>x@~73ﬃ/5T{}93ﬃ/5Tg?> ﬃ/7l #(*ﬃ/)*5y;ﬃ/5Tg3"U>@g3"#(8,/ #,5
$1 (8%ﬃ5C9
ﬃ5C5UﬃB(éVw1/>@73932
1/ ﬃ/23"#5-g0ﬃ/2
%@ﬃ/7 }/ "Uﬃ(87l #"#>9323(é ﬃ5r5#>235!|>@"UBﬃ93ﬃ|>731/ #(*>@735-$7$')8Yl (8k2
ﬃ5
93ﬃAg3"U>c932
1/ (8>@7s93ﬃA1W$)8ﬃ23"/[1>@BBﬃT)*ﬃRB>@7 "#ﬃA)i]jﬃ
ﬃ/Bg
)*ﬃI932m1W$g
(8 "Uﬃ
¢
y
I$7
5R)*ﬃ!1$5I9]_2373ﬃ4, 239
ﬃCB,/1&$7
(*kl23ﬃCﬃ/7<5U $\ (*kl23ﬃ-g0>23"I93ﬃ/5IB$\ ,"U($26,/)$5o (8k2
ﬃ5[?)*ﬃ/5IB$' "U(*1ﬃ/5

Ý Þ#ß
5U>@7 A93ﬃ5AB$' "U(*1ﬃ/5T93ﬃ4"U(*x@(893(8 #,[?)*ﬃ/5T%@ﬃ/1/ ﬃ/23"#5

Ý ÞUß
93,/5#(*x73ﬃ7 A93ﬃ/5A%ﬃ1 ﬃ2
"#5r93ﬃ493,g
)$1/ﬃBﬃ7 5
73>9$2cKM73> #,5

Ý ÞUßiZﬃ J)*ﬃ5%ﬃ1/ #ﬃ23"U5}Ý Þ#ß93,/5#(8x@73ﬃ7 J93ﬃ/5J%ﬃ1/ #ﬃ23"U5T9]_ﬃ/.0>@"o 5p73>9$2cK73> #,5Í+Ý ÞUßMZ?>
)*ﬃs%@ﬃ/1/ #ﬃ23"9
ﬃ5kl2$'7l #(8 #,5932$)8ﬃ5(*7 ﬃ/"U|M$1/($)8ﬃ5
­
"#ﬃg
"#,5Uﬃ7 ﬃ6)*ﬃ5ﬃ/.0>@"o 5{)^]_(*7 #ﬃ"U|M$'1ﬃsﬃ7 "Uﬃ6)8ﬃ5
5#>235oVÑ93>@B$(*73ﬃ/5[)8ﬃ5R ﬃ/"#Bﬃ5
Ê
Ý Þ#ßÐËÝ ÞUß5#>@7 rW3>@B>@x@~/73ﬃ5A{s93ﬃ/5r9
,g3)*$1ﬃ/Bﬃ/7l #5KM>@7g$"U)*ﬃC93ﬃ}B>c9
ﬃ5
93ﬃA93,/g3)$1/ﬃBﬃ7 5J"#(8x@(*9
ﬃ5Zy3;ﬃ5p1/>@7393(é (*>735p$2cs)8(*B(8 #ﬃ55U>@7 J93ﬃ5p93,/g3)$1/ﬃBﬃ7 5p(8Bg?>@5#,/5y
ÔÓBÔÓTÔ J¥ÙÑÖ/ñ5ÚÙÚÝYÜíØÉôeótÞòô3íØ3ØeÖtótÞ
F+%$'7l 9]_ﬃ7 "Uﬃ"}9$7
5)*$:93ﬃ5U1"#(8g
 (8>@7ò93ﬃm)^]_(*Bg3)*,/Bﬃ/7l $' (8>@793ﬃ55#>@)é%@ﬃ/23"#5BC23)é (*9
>@B$'(*73ﬃ/5[+(*)`ﬃ/5U 
73,/1ﬃ5U5$(8"#ﬃ9]$'g3g0>"U ﬃ/"-kl23ﬃ/)*kl23ﬃ/5!g3"U,1(85#(8>@735A1>@7
1ﬃ"U7$7 C)8ﬃ4 "$&%'$(8)G93ﬃg
"#,g3$"$' #(*>@7Î93ﬃ/5!B>c9
~)*ﬃ/5
KMg
"#ﬃg
"#>1ﬃ5U5#(873xlZydI7-1/>@735o "#2
(8 N237!B$(*)8)$xﬃ{pg$"U #(*"+9]_2373ﬃx@,>B, "#(8ﬃBC23)8 #(*g3(8~1/ﬃG>@2-g3$"U #(8 (8>@7373,/ﬃ
{C)^]j$(893ﬃS9u]j237B$(8)*)*ﬃ/23"(*739
,g?ﬃ739$'7l `9325#>@)é%@ﬃ/23"AKM1/ﬃ)823(09u]jvIEGFIa0[g$"QﬃcﬃBg3)*ﬃ&Zy
D2
(*5`>@7x@,73~/"#ﬃ
93ﬃ/5x@"#>@2
g0ﬃ/593ﬃI73>ﬃ239
5ﬃ/ 9]_,)8,Bﬃ7 5)8(*,/5`{C1W$kl23ﬃR5U>@235Vw93>@B$(873ﬃTﬃ p{C)^]_(*7 ﬃ/"U|M$1/ﬃI$(8735#(0kl2]$'2c
>73ﬃ55U23")*ﬃ/5#kl23ﬃ)8)*ﬃ/5`>@7s$g3g
)*(*kl23ﬃS)*ﬃ/5`1W$"Ux@ﬃBﬃ7 5ﬃ )*ﬃ/5`1>7393(8 #(*>@7
5`$2c)*(8B(é ﬃ/5yF1/ #23ﬃ)8)*ﬃ/Bﬃ/7l [
1ﬃ/51W3(8ﬃ"U55#>7l Nﬃcg?>@"U #,5G$'2-|>@"UB$' K
ÄÃL¶	c½
ç
ÃL½*
93ﬃv^VwIEGFRaKyj237%
Z?>\(*)85X5U>@7 ﬃ/735#23(é ﬃ "$'9323(8 #5
$2Í|>"#B$' r932 5#>)8%@ﬃ/23"Kyj9cYc7Z-{h)i]$'(*93ﬃ}9]_237 (87l #ﬃ"o|M$1ﬃ9]j(8Bg?>@"o $' #(*>@7<5Ug0,/1($')*ﬃBﬃ7 -93,/%ﬃ)8>@g3g?,y
;+$}3x@23"#ﬃ
ﬁ
y
¢
(*)8)*235o "#ﬃS)*ﬃ/5J, $g?ﬃ5p93ﬃAg3"U,g$'"$' #(*>@7s932sB>c93~/)*ﬃ'y
¢
Ó
Interface
MULPHYDO
MAILLEUR
limites et chargements voulus
Assemblage avec conditions aux
Définition des conditions aux
limites et chargements
Maillage
noeuds et d’éléments
et interface
Groupes de
Transfert des données
Construction du maillage
Construction des groupes
L
ﬁ
y
¢

E $g0ﬃ/5p93ﬃAg3"#,/g$"$\ (*>7m9
2hB>c9
~)*ﬃ
¢
Û
ÔÓBÔÓ¼ LËÝ7ÙÑï}·ÝYïeÙÚÝYÜíØpô3ï Þ7íÛNMótïàÙ
;G]j(8Bg
)*,Bﬃ7 $' (8>@7:932Î5#>)8%@ﬃ/23"r$m, ,4|M$(é ﬃCﬃ/7Í$¸U>2
 $7 -{93ﬃ5A)8(*=3"#$(*"U(*ﬃ5S93ﬃ}1)*$5#5Uﬃ5A93,/%ﬃ)8>@g3g?,ﬃ5
9$7
5!)*ﬃ})8>@x@(*1/(*ﬃ/)93ﬃ1$)*1/23)GB,1&$'73(*kl23ﬃﬃ7 x"$739
ﬃ5- #"$7
5U|>@"UB$' #(*>@7
5R932Í)*$=0>"$' #>@(*"UﬃmKiSY7E;FRZ
9jÔ
¢
;
93ﬃ!7
>@2
%@ﬃ/)*)8ﬃ5T1/)$5U5#ﬃ/5y0;+ﬃ-B>93~/)*ﬃA7l23B,/"#(8k2
ﬃ!1>Bg3)8ﬃ/ Jﬃ5o I237
ﬃ!(*7
5U $'731ﬃ-93ﬃ!)*$1/)$5U5#ﬃåû
M¨º 6ﬂx
Dºc
1/>@Bg?>@5U,ﬃ69
ﬃ:g3)*2
5#(*ﬃ/23"#5(*735o $7
1ﬃ593ﬃ:)$1)*$5#5Uﬃ
v
±
u¸#ÃT6
yﬂW$kl23ﬃ<g3WY5#(8kl23ﬃ<1>@Bg?>@"U #ﬃ6237
>@2òg3)8235#(8ﬃ23"U5C5#>@2
5oVw9
>@B$'(*73ﬃ/5C93ﬃ1&$')*12
)RKM1/)$5U5#ﬃ
Â
¼\	cÃÆ
Z-ﬃ/2clVwBBﬃ5C1/>@735U #(8 #23,5}9]_237ò>@2ïg3)82cV
5#(8ﬃ23"U5pB$(8)*)*$x@ﬃ5TKM1/)$5U5#ﬃPO
¨ÃD¹
ZyEG7
7u[237h>2mg
)*235U(*ﬃ2
"#5p5#>@)é%@ﬃ/23"#5-KM1/)$5U5#ﬃ*û
¼Z½ü¶
ZQ5#>@7 J"$\ # $'1W3,5
{41W$kl23ﬃr93>@B$(*7
ﬃ!31/ﬃ/ # #ﬃAg0>@5U5#(8=3(*)8(8 ,Jg?ﬃ"#Bﬃ/ p9
ﬃr1/>@23g3)8ﬃ"`9
ﬃ5p"#,/5#>@)82
 (8>@735`(é ,"#$' (é%@ﬃ/5ﬃ/ p93(8"#ﬃ1 ﬃ/5[
)*(873,&$'(*"#ﬃ/5ﬃ/ X73>@7r)*(873,&$'(*"#ﬃ/5KMﬃ/7- #"$735U(8 #>@(*"UﬃPZ[/ﬃcg3)8(*1(é ﬃ/5Xﬃ X(*Bg3)*(81(8 #ﬃ5KMﬃ7A "#$735U(8 >(*"#ﬃ&Zu5#23"+237
ﬃQBBﬃ
5U #"#231 23"UﬃKx23"#ﬃ
ﬁ
yÕÔZycI$735`5#$!%@ﬃ/"#5#(8>@7$1 23ﬃ/)*)8ﬃ[)*ﬃJ1>93ﬃIkl23ﬃI73>235`93,/5#(*x73ﬃ"U>@735`g$'"eh23)*DGWlYcT>
Structure
Physicphysics
Domaindomains
Solversolvers
Gridgrids
Elementelements
Nodenodes
SolverElec SolverTherm SolverMeca
Material
L
ﬁ
yÔ

T($x"$BBﬃTIe6;932h5U>@)8%ﬃ23"
K^em23)8 #(*g3WY5#(8k2
ﬃ4ﬃ/ reh2
)8 (893>@B$(*7
ﬃPZ`1>@Bg3"Uﬃ739Î237<5U>@)8%ﬃ23"R,/)*ﬃ1 "U(*kl23ﬃ[0237<5#>)8%@ﬃ/23"I W
ﬃ"#B(*kl23ﬃ!ﬃ/ 
237}5#>)8%@ﬃ/23"GB,1&$'73(*kl23ﬃ'y@;+$I5U #"#231 23"UﬃJ"Uﬃ/ #ﬃ7l23ﬃg?ﬃ"#Bﬃ/ 93ﬃ`|M$1(8)*(é ﬃ"X)^]_(*Bg3)8,Bﬃ7 $' #(*>@7A93ﬃ7
>@2
%@ﬃ/)*)8ﬃ5
g3WY5#(8k2
ﬃ5y
¢
Ð
ÔÓTÔÓÞ LÝYÙÚFÝÖPÜó~ôeóWÚÛ3WïeÛæîðï3ÛBÝYÜñ0CEDÞYÜFAïeó
;ﬃ<5U>@)8%ﬃ23"sBC23)é (8g3WYc5U(*kl23ﬃ<g3"Uﬃ739Lﬃ71>@Bg
 #ﬃ: >@2
 #ﬃ5s)*ﬃ/5sg3WYc5U(*kl23ﬃ/5hkl23(R>@7 m,/ #,Î93,/7
(*ﬃ5sg$'"
)i]j2c (*)8(*5#$' ﬃ/23"y+DN$"493,/|M$'2
 &[1W3$kl23ﬃsg3WYc5U(*kl23ﬃsg?ﬃ2
 4 "Uﬃ"#,5U>@)*2
ﬃ5#ﬃ2
)*ﬃ[5$735}$'231237
ﬃ(*7 ﬃ/"$1 (*>7
$&%ﬃ1R)*ﬃ/5$2
 #"#ﬃ/5y
F1 23ﬃ/)*)8ﬃBﬃ7 &[c5#>@7 p(*Bg3)8,Bﬃ7 ,/5 #"#>@(85Q wYg0ﬃ/5p93ﬃI1>23g3)$'x@ﬃ5Ic,)8ﬃ1/ #"#> #W3ﬃ"UB(8kl23ﬃ[
 #W3ﬃ"UB>B,/1&$73(8kl23ﬃRﬃ/ p,/)*ﬃ1 "U> W3ﬃ/"#B>@B,1&$'73(*kl23ﬃ'y
;+$"#,5U>@)*2c (*>76,)8ﬃ1 "#>' W3ﬃ/"#B(*kl23ﬃr93,=32c ﬃCg$'"T)$"#,/5#>@)82
 (8>@769326g3"#>@=
)*~Bﬃr,)*ﬃ/1/ #"#(*kl23ﬃ'yﬂﬃ # #ﬃ4$7$\V
)éY5#ﬃ$:g?>@23"-=32
 }93ﬃ9
,/ ﬃ/"#B(*73ﬃ/"!)8ﬃ1W$Bg35C93ﬃg?> #ﬃ7 (8ﬃ)*5-,)8ﬃ1/ #"#(8k2
ﬃ5C932òB>c9
~)*ﬃ)*>"#5#kl2]_(*)Qﬃ5o 
5U>@23B(*5A{m1ﬃ"o $(8735A1W$"Ux@ﬃBﬃ7 5-ﬃ/ -1>@7
93(8 #(*>@735r$2)*(*B(8 #ﬃ5CKMg?> ﬃ/7l #(*ﬃ/)*5Aﬃ/ -93ﬃ7
5#(8 #,5-93ﬃ1/>@23"#$7 
(8Bg?>@5U,5ZyJ73ﬃ|>(*5I)i]$73$)8Y5#ﬃ4,/)*ﬃ/1/ "U(*kl23ﬃ4 ﬃ/"#B(*73,/ﬃ[>71$)*1/23)*ﬃ4)8ﬃ5R93(85#5U(*g$' #(*>@7
5Ig$"rE.uﬃ 
z
>@23)*ﬃ
9
ﬃ5C1/>@7393231 ﬃ/23"#54g$'5#5#(é|5!kl23(Q5#>@7 C(87 "#>9323(é ﬃ/5!1>BBﬃ1W3$"#x@ﬃ/Bﬃ/7 C9$7
5C)^]j$7$)éY5#ﬃ} W3ﬃ/"#B(*kl23ﬃy
dI7<$PU>@2
 ﬃ-)*ﬃ/5T1>7393(8 #(*>@7
5I$2ch)8(*B(8 ﬃ/5pﬃ/ I1W3$"#x@ﬃ/Bﬃ/7 5e 1/)$5U5#(8k2
ﬃ51" ﬃ/Bg?,"#$' 23"Uﬃ5Iﬃ Tñ2:(8B}V
g?>@5U,5C$'(*735U(Gk2
ﬃ)*ﬃ/5rñ32c W3ﬃ/"#B(*kl23ﬃ5-"#ﬃ/g3"#,/5#ﬃ7 $7 4)*ﬃ/5-g?ﬃ"o ﬃ5-9323ﬃ/5C$2c1/>@73932
1/ ﬃ/23"#5C$1/ #(8|5r932
B>93~)8ﬃyF )^]_(*5U5#23ﬃ}93ﬃ)^]j$7$')8Y5#ﬃ4 W
ﬃ"#B(*kl23ﬃ'[>@7>@=
 (8ﬃ7 r)*ﬃ}1W$Bg93ﬃ #ﬃBg0,/"$' #23"#ﬃ/5-9
2ÍB>c93~/)*ﬃ
KÆx@23"Uﬃ
ﬁ
y
Ò
Zy
Densités de courant
imposées
Puissance dissipée par Effet Joule
dans les conducteurs passifs
Calcul
Thermique
Electrique
Calcul
Puissance dissipée 
par les conducteurs actifs
Potentiels imposés
Températures imposées
Flux convectifs imposés
Champs de potentiels électriques Champs de températures
L
ﬁ
y
Ò

DG"#(8731(8g0ﬃI9
2h1$)*1/23),)8ﬃ1/ #"#> #W3ﬃ"UB(8kl23ﬃ
;G]j$7$)éY5#ﬃS #W3ﬃ"UB>B,/1&$73(8kl23ﬃS5U23(8 Q)*ﬃSB/BﬃJg3"U(*731/(*g?ﬃy;G]$73$)8Y5#ﬃJ W3ﬃ/"#B(*kl23ﬃJg0ﬃ/"#Bﬃ/ 93ﬃT93,73(8")*ﬃ
1W3$Bg
5N93ﬃ ﬃ/Bg?,"#$' 2
"#ﬃ5X932CB>93~)8ﬃyP;ﬃ1W$Bg!93ﬃ ﬃ/Bg?,"#$' 23"Uﬃ5Ng0ﬃ/"#Bﬃ/ Xﬃ735U23(8 #ﬃQ9
ﬃ93, ﬃ"UB(873ﬃ"
)8ﬃ593(*)*$' $\ (*>735C93(é.u,/"#ﬃ7 #(*ﬃ)8)*ﬃ/5}$2cckl23ﬃ)8)*ﬃ5ﬃ5o 5#>23B(85})^]j$5#5UﬃBC=3)*$x@ﬃsﬃ/ [ﬃ7 #ﬃ7$7 1>@Bg
 #ﬃh93ﬃ/5
9
,g3)*$1ﬃ/Bﬃ/7l #5`ﬃ/ `ﬃ/.0>@"U #5$g3g3)8(*kl23,/5`{C)$r5U #"#231 23"Uﬃ[3>@7>=
 (8ﬃ7 `)8ﬃT1W$Bg93ﬃ/5`1>@7 #"$(87l #ﬃ59$'735`)*ﬃ
B>93~)8ﬃ}Kx23"#ﬃ
ﬁ
y
Ó
Zy
Ô'â
Températures imposées
Calcul
Thermique
Champs de températures
Calcul
Mécanique
Déplacements imposés
Champs des contraintes
Flux imposés
Efforts imposés
Champs de températures
L
ﬁ
y
Ó

DG"U(*731/(*g?ﬃR932h1$)*1/23)u #W3ﬃ"UB>@B,1$73(8k2
ﬃ
EG7
7[+>@7$)$g?>@5#5U(*=3(8)*(é ,r93ﬃ}"#,&$')*(*5Uﬃ"R237
ﬃ, 239
ﬃ1/>@Bg3)*~ ﬃ4,)8ﬃ1 "#>' W3ﬃ/"#B>@B,/1&$7
(*kl23ﬃC1/>@23g3)8,ﬃs
)*ﬃ!)*>@x@(81(8ﬃ)+ﬃ731W3$'73ﬃC$2
 >B$' #(*kl23ﬃ/Bﬃ/7l T)*ﬃ/5I"#,/5#>@)82
 (8>@735T,/)*ﬃ/1/ "U(*kl23ﬃ'[u W3ﬃ/"#B(*kl23ﬃ-ﬃ/ AB,1&$'73(*kl23ﬃ'yuF
)^]_(*5U5#23ﬃ49
21$)*1/23)^[0>@7Î93(*5Ug0>5#ﬃ493ﬃ/5r9
(8.0,"#ﬃ/7 ﬃ5A"U,g?>@735#ﬃ/5Ag3"#>@g
"#ﬃ5r{1W$kl23ﬃ}g3WY5#(8kl23ﬃﬃ A>@7Îg0ﬃ/2
 
)*ﬃ/5%c(85#2$')*(*5Uﬃ"`2
73ﬃr{237
ﬃKÆx@23"Uﬃ
ﬁ
y
Û
Zy
F1/ #23ﬃ)8)*ﬃ/Bﬃ/7l [G)*ﬃ/54B$(8)*)*$x@ﬃ5r5#>7l (893ﬃ7 (8kl23ﬃ5}9]_2373ﬃmg3WY5#(*kl23ﬃh{<2373ﬃh$2
 #"#ﬃK3x@23"#ﬃ
ﬁ
y
Ð
ZyG;G]j(87cV
93,/g0ﬃ/739$731/ﬃ9
ﬃ5AB$'(*)*)*$x@ﬃ/5J|M$1/(*)8(8 ﬃ-)$B(*5UﬃCﬃ7>cﬃ/2
%"#ﬃ}93ﬃ}B$(*)8)$x@ﬃ/5p5#g?,1(ékl23ﬃ5-{1W$1/2373ﬃ93ﬃ5
g3WY5#(8k2
ﬃ5I5U>@235J"#,5Uﬃ"o%@ﬃ!9
2693,%@ﬃ)8>@g3g?ﬃBﬃ7 S93ﬃ-B,/ #W3>93ﬃ5p9]_(*7 ﬃ/"#g?>@)$\ (*>773,1/ﬃ5#5#$(*"Uﬃ5T$2m #"$7
5oV
|ﬃ"o }93ﬃ549
>@7373,/ﬃ5yQeh2
)DGWY
S>$<g?>@23"C9
>@7373,/ﬃ9]jﬃ/7 "#,/ﬃh2
7ïB$(8)*)*$x@ﬃ}g$"o (8 #(*>@7
73,ﬃ/7çg
)*235U(*ﬃ2
"#5
5#>235oVÑ93>@B$(*73ﬃ/5y;+$<1"U,&$' #(*>@7ò9]_2373ﬃmg3WY5#(*kl23ﬃhﬃ7 "#$'7
ﬃm)*$:9323g3)8(*1$' (8>@7ï93ﬃ5B$(*)8)$x@ﬃ/5-(873(8 #($2uy
ﬂﬃ2VÑ1(5#>@7 r93(8"#ﬃ1 ﬃ/Bﬃ/7l -$'.0ﬃ1 ,/5!{s)$g3WY5#(8kl23ﬃyN;ﬃ5rx@"#>@2
g0ﬃ/5r9
ﬃ7
>cﬃ/23935rﬃ/ r9]_,)*,/Bﬃ/7 5A5#>@7 
ﬃ2$235#5U(9323g3)8(*kl23,5/yvw)*5A5#>7l ø "Uﬃ73>BB,5"4{s)^]j$(*9
ﬃ493ﬃ})*ﬃ2
"r7
>@B(*7
(8 (*$)X5#23(é%c(G9u]j237
ﬃﬃc #ﬃ735U(*>@7
(*9
ﬃ7 (é1&$' #"#(81ﬃ93ﬃ)$6g3WY5#(8kl23ﬃK0 RQJE)Á"g0>@2
"C)^]_,)8ﬃ1/ #"#(8k2
ﬃ[/ SQpbWY"g?>@23"C)*$h W3ﬃ/"#B(*kl23ﬃ'[Ł RQSehﬃ1¨"
g?>@23"p)$CB,1$73(*kl23ﬃ&Zy
Ô
ﬀ
Densités de courant
imposées
Electrique
Calcul Puissance dissipée par Effet Jouledans les conducteurs passifs
Calcul
Thermique
Puissance dissipée 
par les conducteurs actifs
Calcul
Mécanique
Potentiels imposés
Températures imposées
Flux convectifs imposés
Champs de températures
Déplacements imposés
Efforts imposés
Champs de températuresChamps de potentiels électriques Champs des contraintes
L
ﬁ
y
Û

DG"#(8731(8g0ﬃR932s1$)*1/23),)8ﬃ1/ #"#> #W3ﬃ"UB>B,/1&$73(8kl23ﬃ
Maillage Electrique
ND_SAMPLENODES_EL
EL_SAMPLEELEMENTS_EL
Maillage Mécanique
ND_SAMPLENODES_MEC
EL_SAMPLEELEMENTS_MEC
Maillage Thermique
ND_SAMPLENODES_TH
EL_SAMPLEELEMENTS_TH
Maillage Initial
ND_SAMPLENODES
EL_SAMPLEELEMENTS
L
ﬁ
y
Ð

DG"#(8731(8g0ﬃRx@,/73,"#$)932s1&$')*12
)BC23)8 #(*x@"U(*)8)*ﬃ
Ô
ﬁ
ÔÓBÔÓ LËÝ7ÙÑÚFÝYÖPÜ1ó ô3ó?ÚÛ3?ï3Ûîðï3ÛBÝYÜ(ÙÜ1ÛÛó
Tﬃ/59
,/%@ﬃ/)*>@g
g0ﬃ/Bﬃ/7l #5}23)8 #,"#(8ﬃ23"U5C1>731ﬃ/"#7$7 )$h"#,5U>@)*2c (*>7 93ﬃ5}g3"U>@=3)8~Bﬃ5C)8(*,5!{<1W$kl23ﬃs5#>@2
5oV
93>@B$(873ﬃIg?>@23"#"U>@7 2
 #(*)*(85#ﬃ/"93ﬃ/5B, W3>93ﬃ5(é ,/"$' #(8%@ﬃ/5g3)*2
5`5#g?,1/(8kl23ﬃ/5J #ﬃ)*)8ﬃ5Qk2
ﬃr)8ﬃI1&$')*12
)BC23)é (éV
x@"U(*)*)8ﬃ59
Ò@Û
[
ﬁÐ
[
Ò@Ð
[
¢
Ó
[
Ó
â
;
y@F 1ﬃ Qﬃ.uﬃ &[@)*$I73> #(*>@7493ﬃpx@"U(*)8)*ﬃTK0 UqR"#(89Y"[\>@2}B$(*)8)$x@ﬃ&Z$A, ,"#$' # $1W3,ﬃJ{
1W$kl23ﬃA5U>@235oVÑ93>@B$(*7
ﬃ-c2375#>@2
5oVw9
>@B$'(*73ﬃSg0ﬃ/2
 1>Bg?>@"U #ﬃ"Qg3)*235U(*ﬃ/23"#5`B$(8)*)$'x@ﬃ5G93ﬃS73ﬃ5U5#ﬃA1"U>@(*5V
5$'7l #ﬃ6kl23(Jg0ﬃ/"#Bﬃ/ U ﬃ7 9]_>@g
 (8B(85#ﬃ/"4)$<"#,/5#>@)82
 (8>@7(é ,/"$' #(8%@ﬃs5U23")8ﬃsB$(8)*)*$x@ﬃ)8ﬃsg3)*235}7ûKx@2
"#ﬃ
ﬁ
y
ﬀ
âZy
Itérations et résultat 
du calcul sur
la grille fine
Itérations intermédiaires
sur les grilles plus
grossières
Restriction Restriction
Prolongation Prolongation
Grille 1 Grille 2 Grille 3
L
ﬁ
y
ﬀ
â

D"U(*731/(*g?ﬃRx@,7
,"$')932h1$)*1/23)BC2
)8 (8x@"#(8)*)8ﬃ
FTg
g$"#2
ﬃ5A9$735A)8ﬃC1>@2
"$7 r93ﬃ5r$7
73,ﬃ/5
ﬀ&Ð@Ò
âﬃ/ Ag?ﬃ"o|ﬃ1 (*>7373,ﬃ/5A9$735A)*ﬃ/5R$737
,ﬃ5
ﬀPÐÓ
â
[u1/ﬃ5AB,V
 W
>c93ﬃ/5-7l23B,"U(*kl23ﬃ/5->@7 r,/ #,}ﬃ5#5Uﬃ7 (8ﬃ)8)*ﬃBﬃ7 r93,%@ﬃ)8>@g3g?,ﬃ/5!g?>@23"A93(*B(*7l23ﬃ/"I)*ﬃ/5R ﬃBg35A93ﬃ1&$)8123)85
93ﬃ/5B>c93,/)*(85$' #(*>@735uﬃ7!%>@)*23Bﬃ5+73(85N93$735X)*ﬃ93>@B$(*7
ﬃ9
ﬃQ)*$JB,1$73(*kl23ﬃ93ﬃ/5Nñ23(893ﬃ5/y@ﬂﬃ/5B,/ #W3>c9
ﬃ5
>@7 -g0>@2
"-=32c !93ﬃx$x73ﬃ"A932 ﬃBg35r5#23"-)*ﬃ/5r1/>@7%@ﬃ/"#x@ﬃ/731ﬃ/5493ﬃ5-B, W3>93ﬃ5A(é ,"#$' (é%@ﬃ/5-ﬃ/7Íg$5U5$7 
g$"Q93ﬃ5g3W$5Uﬃ59]j$g3g3"U>&
(8B$\ (*>793ﬃS)$r5#>@)82
 (8>@75U23"`93ﬃ/5`B$(*)8)$x@ﬃ/5Gg3)*2
5x@"U>@5#5U(*ﬃ"U5ycEG7ﬃ/.0ﬃ/ [
)^]_(*7V
1>7l%,73(8ﬃ7 AB$¸Uﬃ23"S93ﬃ5TB, W3>93ﬃ5S(8 #,"$\ (8%ﬃ5J"#,/5#(*9
ﬃC9$735S)*ﬃr|M$(8 Jkl23ﬃC)8ﬃ23"J $2ch93ﬃ-1>@7%ﬃ"#xﬃ731/ﬃ
93(8B(872
ﬃ!{Bﬃ5U23"#ﬃ!k2u]j>@7Î$'g3g3"#>1W3ﬃC9
ﬃ!)$5#>@)82
 (8>@7Í?W$=
(8 2
ﬃ)*)8ﬃBﬃ7 &[)*$1>7l%ﬃ"Ux@ﬃ731/ﬃ}g3"#>@x"#ﬃ5U5#ﬃ
93ﬃR|M$ch/>@7h5U(*x@7
(81$' (é%@ﬃI5U23"p)*ﬃ5p93(ëg3"UﬃB(*ﬃ/"#5(*7
1"#,/Bﬃ/7 5y
;G]j(893,ﬃx@,/73,"#$)*ﬃ93ﬃ5-B, W3>93ﬃ/5!BC23)é (8x@"#(8)*)*ﬃ/5Tﬃ/5U -9]jﬃ/731W$'*73ﬃ"-)*ﬃ/5-5U,kl23ﬃ7
1ﬃ5}9]_2373ﬃ93(ä$(*7
ﬃ9u]j(87cV
1"U,Bﬃ7 55U23"2
7 B$(8)*)*$x@ﬃ93>7373,6 #>@2
 ﬃ/7¬)*ﬃ/51/>@BC=3(87$7 {Í9
ﬃ5g3W3$5#ﬃ/59]j$g3g3"U>Pc(8B$' #(*>@7ç93ﬃ
)$<5U>@)*2
 #(*>@7ï5U23"93ﬃ5B$'(*)*)*$x@ﬃ/5-g3)8235}x@"#>5#5#(8ﬃ"U5yDN>23"}1ﬃ)*$
[G)*ﬃ/54"#,/5#(*9
235>=
 ﬃ/72
5$g
"#~5}kl23ﬃ/)*kl23ﬃ5
(8 #,"#$' (8>@7359]_2373ﬃ<B,/ #W3>93ﬃ<(8 #,"$\ (8%ﬃ:93,73(*ﬃÎ$'2 g3"#,$)$=
)*ﬃòKx@"$9
(*ﬃ7 1/>@7\U23x23,[`g3$"ﬃcﬃBg3)8ﬃPZ
5#2
"I)*ﬃrB$'(*)*)*$x@ﬃT37:5#>@7  1>7393ﬃ7
5#,ﬃ/51"C5#23"S)*ﬃ5SB$'(*)*)*$x@ﬃ/5`g3)*2
5Tx@"U>@5#5U(*ﬃ"U5I{)^]j$(*93ﬃr9]_237:>@g?,"#$' ﬃ/23"
B$' "U(*1(8ﬃ)u1']jﬃ/5U r)$¯ "Uﬃ5U #"#(81/ (8>@7Y"yﬂﬃ/5R"#,5U(*932
5I1>@7
93ﬃ735U,5r5#>@7 Rﬃ/735#2
(8 ﬃ4B(*7
(*B(*5#,/5pﬃ7Îﬃ/.0ﬃ1 2$7 
kl23ﬃ)8kl23ﬃ5(é ,/"$' #(*>@735QK9]j2
73ﬃB,/ #W3>c9
ﬃ(8 #,"#$' (é%@ﬃPZy¸DG23(*5N(*)*5+5U>@7 (*7 #ﬃ"#g?>@)8,ﬃ5N{S)i]$'(*93ﬃ9]_237C>@g?,"#$' ﬃ/23"
B$' "U(*1(8ﬃ)%@ﬃ/"#5G)8ﬃ5B$(*)8)$xﬃ5g3)8235735JKÆx@23"Uﬃ
ﬁ
y
ﬀ
âZ1]_ﬃ5o )$ g3"U>@)*>@7
x$' (8>@7Y"y¸;+ﬃ/5"#,/5#(893235G>@=
 #ﬃ7l235
$g3"U~5Sg3"#>@)8>@73x$\ (*>75#23"S)$}x@"#(8)*)*ﬃS73ﬃ!5U>@7 Tﬃ/735#2
(8 ﬃ-5#>@2
B(85S{93ﬃr73>@2
%ﬃ)*)8ﬃ5J(8 #,"$\ (*>735J$'769
ﬃ-)8ﬃ5
Ô
¡
B(*7
(*B(*5#ﬃ/"y0dI7"Uﬃ1/>@BBﬃ7
1ﬃ})^]_>@g?,"$\ (*>7U235#kl2]j{m1/ﬃkl23ﬃ)$5U>@)*2c (*>7$'(8 R1/>@7%@ﬃ"Ux@,yN;G]jﬃ/735#ﬃ/BC=3)8ﬃ
9
ﬃ5J>@g0,/"$' #(*>@7
593ﬃA"#ﬃ5o "U(*1/ #(*>@7sﬃ Sg
"#>@)8>@73x$' #(*>@79
>@(8 px$'"$7 (8"`)$41/>@735#ﬃ/"U%'$' #(*>@7m93ﬃA)^]_,73ﬃ/"#x@(8ﬃRﬃ7 "Uﬃ
)8ﬃ593(é.u,/"#ﬃ/7l #5pB$(8)*)*$x@ﬃ5Q$'7m93ﬃA73ﬃAg$5p(87l #"#>9323(8"#ﬃT #"#>@gs9]_ﬃ"U"#ﬃ2
"#5J5#23"p)*ﬃR"U,5U23)8 $' 7$)iy
dI7g0ﬃ/2
 93,/373(*"93(é.u,/"#ﬃ7 #ﬃ55U #"$' #,x@(8ﬃ593ﬃJg$5#5#$x@ﬃpﬃ7 #"#ﬃJ)*ﬃ5x@"U(*)8)*ﬃ5/yﬂ(é >@735G)8ﬃ5g3)82351>@23"#$BBﬃ/7l 
ﬃ/Bg
)*>PY@,/ﬃ5A)*ﬃ/55U "#$' ,/x@(*ﬃ/5pg$"
ã
VÑ1/Y1)8ﬃ5-K3x@23"#ﬃ
ﬁ
y
ﬀ@ﬀ
Zﬃ Jg$"	¬VoﬂQY1/)*ﬃ5-KÆx@23"Uﬃ
ﬁ
y
ﬀ¸ﬁ
Zy
Grille fine
Grille intermédiaire
Grille grossière
Série d’itérations
Restriction
Prolongation
Calcul
Début du
Calcul
Fin du
L
ﬁ
y
ﬀﬀ

a #"$' #,x@(8ﬃR93ﬃA1&$)8123)uﬃ7
ã
Vw1Y1)*ﬃ/5p5#23" "U>@(*5x"#(*)8)*ﬃ/5
Calcul
Début du
Calcul
Fin du
Série d’itérations
Restriction
Prolongation
Grille fine
Grille intermédiaire
Grille grossière
L
ﬁ
y
ﬀ¸ﬁ

a #"$' #,x@(8ﬃR93ﬃA1&$)8123)ﬃ/7¡	¬VÑ1/Y1)8ﬃ5J5#23" #"#>@(85x@"#(8)*)*ﬃ/5
ﬂﬃ/5TB,/ #W3>c9
ﬃ5JBC23)8 #(*x@"U(*)8)*ﬃ5Q93ﬃ/%"U>@7 I/ #"#ﬃr2
 (8)*(85#,ﬃ/5p9$735S)*ﬃA1&$9
"#ﬃ!9
ﬃ-g3"U>@=3)8~Bﬃ5J93ﬃr #"#~/5Tx@"#$7393ﬃ/5
 $(*)8)*ﬃ/5JKM93,/1>@23g3$x@ﬃIﬃ/773>@BC=3"UﬃT93ﬃS5#>@2
5oVw9
>@B$'(*73ﬃ/5)*(8B(é ,&Zy(8ﬃ7k2
ﬃI)$r5U "U231/ #23"#ﬃT93ﬃI93>@7
73,ﬃ/5$(8 
, ,Ag3"U,/%23ﬃ[1/ﬃ5pB, W3>93ﬃ/5J7
>@7hg3$5p,/ ,A(8Bg3)8,Bﬃ7 ,/ﬃ59$'735p)$!%@ﬃ/"#5U(*>@7h$1/ #23ﬃ)8)*ﬃR932m1>93ﬃ'y
ÔÓTÔÓ< J
ÚÙÑÚÛÛÖtÛ1ÜÞ7ÚFÝÜíØpôeï?íô3ó
FJ7C9]j$23xBﬃ/7l #ﬃ")*$Sg?ﬃ"o|>@"#B$731/ﬃ932C1/>c9
ﬃ`93ﬃ1$)*1/23)^[\2373ﬃQ5#ﬃ/1>@739
ﬃ>@g
 (8>@7!1/>@735U(*5U #ﬃ{Tg$'"$)8)*,)8(*5Uﬃ"
1/ﬃ"o $(873ﬃ5-=0>@2
1)*ﬃ/5C93ﬃ1$)*1/23)932ï1>93ﬃyI$735!)*ﬃ1$5Cg3"U,5Uﬃ7 &[)*$h1/>@735U #"#231 (8>@7ï93ﬃ)*$hB$' "U(*1ﬃ

Ô
¢
ﬃ/ m932ø%@ﬃ/1/ #ﬃ23"mÍÀ$'(*735U(Rk2
ﬃ)i]j(87l%ﬃ"U5#(*>79
2Lg3"U>@=3)8~Bﬃ


 Í¯5#>@7 m)*ﬃ/5m>g0,/"$' #(*>@735)*ﬃ5sg3)8235
1>735#>@BB$' "U(*1ﬃ/5+93ﬃQ #ﬃBg35N9
ﬃ1&$')*12
)^y¸;+$Jg3$"$)8)*,/)*(*5#$' (8>@7AdIg?ﬃ7e6D<ﬃ/5U g3$"U #(*12
)*(*~/"#ﬃ/Bﬃ/7l +(87393(8k2
,ﬃ
g?>@23"p)*ﬃI #"$(é ﬃBﬃ7 9
ﬃr1/ﬃ5Jg3"#>=3)*~/Bﬃ/5(*Bg3)*,/Bﬃ/7l #,5`5U>@235p|>@"#BﬃI93ﬃA=?>@231/)*ﬃ5/y
EG741ﬃkl23(c1>@731/ﬃ"U73ﬃ)*ﬃQ1&$)8123)ﬃ74"U,x@(8Bﬃg0ﬃ/"#B$73ﬃ/7l BC23)8 #(*93>B$(873ﬃ[)$Sg
W$5#ﬃ93ﬃ`1>735U #"#231 (*>7493ﬃ5
B$' "U(*1ﬃ/5ﬃ/ p%@ﬃ/1/ #ﬃ23"U5T93ﬃ/5Sg3"U>@=3)8~Bﬃ5)*(8,5p{41W$kl23ﬃr5#>235oVÑ93>@B$(*73ﬃA$'(*735U(kl23ﬃ-)i]j(87%@ﬃ"U5#(8>@7s93ﬃ5pB$\V
 "U(*1/ﬃ5ﬃ5U Q1>735#>@BB$' "U(*1ﬃ9
ﬃJ #ﬃBg35Q9
ﬃS1$)*1/23)^yﬂT]_ﬃ5o g?>@23"Uk2
>@(73>@235Q$&%@>@735Q1W3>@(85#(93ﬃJg$"$')*)*,/)*(85#ﬃ"
1ﬃ # #ﬃ-, $g?ﬃKx@2
"#ﬃ
ﬁ
y
ﬀP¡
Zy
Construction du problème 
interfacial
Résolution du problème
interfacial
Résolution des problèmes
sur chaque sous−domaine
Construction des matrices
et vecteurs sur chaque sous−domaine
et inversion des systèmes
PARALLELISATION
L
ﬁ
y
ﬀP¡

dI"#x$7
(*x@"#$BBﬃT9
ﬃr)*$C"#,/5#>@)82
 (8>@7BC23)é (*9
>@B$'(*73ﬃJﬃ7m"#,/x@(*BﬃRg0ﬃ/"#B$73ﬃ/7l 
EG74>@2
 #"#ﬃ[\>@7Cg?ﬃ2c "#ﬃ (8"#ﬃ"X2374$&%'$7 $'x@ﬃ73>7C73,x)*(*xﬃ&$=3)8ﬃ93ﬃ`)$p93,/1>@Bg0>5#(8 #(*>@7rﬃ745U>@235Vw93>@B$(873ﬃ5
)*ﬃ/5pg3"#>@=
)*~Bﬃ55U23"J1W$kl23ﬃr5#>@235Vw93>B$(873ﬃR5#>7l J1/>@735U #"#23(é 5pﬃ/ J(87l%ﬃ"U5#,5Sﬃ7s|M$(*5#$7 J2373ﬃA=0>231)8ﬃR5#23"
)^]_ﬃ7
5#ﬃB!=3)*ﬃ-93ﬃ5R5U>@235oVÑ93>@B$(*7
ﬃ5y?;+{ﬃ/731>@"Uﬃ[)*$g$'"$)8)*,)8(*5#$' (8>@7mdIg0ﬃ/7e6Døﬃ5U I=3(*ﬃ/7<$9$gc ,ﬃ!g323(*5V
kl2]_>@7g?ﬃ2
 ﬃc,/12
 #ﬃ"$2c $7 93ﬃJg3"#>1ﬃ/5#5#2
5kl2]_(*)Y$r9
ﬃS5U>@235oVÑ93>@B$(*7
ﬃ5yﬂﬃ/5g3"U>c1/ﬃ5U5#235Qg$"$')*)*~/)*ﬃ/5
g?ﬃ2
%ﬃ7 T "UﬃR5#(*B!23)8 $73,5Qﬃ/ p "#ﬃRﬃ.uﬃ/1/ #23,5J5#23")i]jﬃ/735#ﬃ/BC=3)8ﬃI93ﬃ5g
"#>1ﬃ5U5#ﬃ/23"#5S{C93(*5Ug0>5#(8 #(*>@7<Kx@2
"#ﬃ
ﬁ
y
ﬀ
¢
Z59
Ócﬀ{;
y
problème 1
Construction du
problème 7
Construction du
problème 2
Construction du
problème 6
Construction du
problème 3
Construction du
problème 8
Construction du
problème 4
Construction du
problème 5
Construction du
problème 9
Construction du
Fin de la zone de calcul parallèle
Début de la zone de calcul parallèle
t
L
ﬁ
y
ﬀ
¢

D$"#$)*)8,)8(*5$\ (*>7693ﬃ})$1/>@735U #"#231 (8>@7ﬃ !9
ﬃ)i]j(87%@ﬃ"U5#(8>@79
ﬃ5r5UY5U #~Bﬃ5r5#23"r73ﬃ2c|5#>@2
5oV
93>@B$(873ﬃ5p$&%@ﬃ/1-1/(*73kg3"#>1ﬃ/5#5#ﬃ/23"#5
Ô@Ô
ÔÓTÔÓNT cØÝYó/Ù[¾ÚWó ÙÑÚñUC3ÜFAï3ó
J7s(*7 ﬃ/"U|M$1/ﬃRx@"$g
W3(*kl23ﬃA$4,/ #,A5#g?,1(*$)*ﬃ/Bﬃ/7 p93,/%ﬃ)*>g3g0,Aﬃ p93,93(8,r{})i]$'g3g3)*(81&$' #(*>@7eh23)*DGWlYcT>:K
V
x23"#ﬃ
ﬁ
y
ﬀ
Ô@ZydI7}g0ﬃ/2
 Bﬃ7 (8>@7373ﬃ/"g3)*2
5#(*ﬃ/23"#5|>731/ #(*>@7373$)*(é ,5+|M$&%@>@"U(*5#$7 )^]j$g3g3)8(*1&$\ (*>7-BC2
)8 (8B, (8ﬃ"
L
ﬁ
y
ﬀ
Ô

ﬃ73 "Uﬃr9
ﬃr)*$731/ﬃBﬃ7 Jﬃ/ p(*7 #ﬃ"U|M$'1ﬃAx@"$'g3W3(*kl23ﬃR9
ﬃ!em23)DGWYcT>
9
ﬃr)i]$'g3g3)*(81&$' #(*>@7h

)$4g?>@5#5U(*=3(8)*(é ,J93ﬃR%c(85#2$')*(*5Uﬃ"1W$'k2
ﬃ-g3WY5#(8kl23ﬃ-ﬃ J1W$kl23ﬃr5#>@235Vw93>B$(873ﬃK3x@23"#ﬃ
ﬁ
y
ﬀPÒ
Zy

)$5#,/)*ﬃ1 (8>@7¬$2c >@B$' (8kl23ﬃh9
ﬃ51/>@7393(é (*>735$'2c)*(*B(8 #ﬃ5/[G93ﬃ5x"#>@23g?ﬃ593ﬃ67
>cﬃ/23935[éyéy8y`5Uﬃ)8>@7)*$
g3WY5#(8k2
ﬃ!$<á1W3,/ﬃy

)$h5#,)8ﬃ1 (*>7ï9
Y7$B(*kl23ﬃ93ﬃ7
>cﬃ/239354ﬃ/ }9u]j,/)*,Bﬃ7 #54g0>@2
"C93ﬃ54x,>@B,/ #"#(*ﬃ/5!1/>@Bg
)*ﬃcﬃ/5ypKÆx@23"Uﬃ
ﬁ
y
ﬀPÒ
Z
L
ﬁ
y
ﬀPÒ

DN>5#5#(8=3(*)8(8 #,93ﬃT5U,)*ﬃ/1/ #(*>@737
ﬃ"1W$kl23ﬃT5U>@235Vw93>@B$(873ﬃpﬃ/ Q93ﬃJ%(85#2$)8(*5Uﬃ"93ﬃ5Q(*7
|>"#B$' (8>@735
$'2cs73>ﬃ239
5
Ô
Ò
Æ§yVõ Vðz#{
øŁ:Ï W  z:ﬃ ﬃ ÊËÎWÐYŁÎtaÎ
ÔÓ½¼Ó1Ò X¥ÚÛÜ1ôeÚFÝÜíØ ôeótÞòÞYíÛNMótïeÙÞ³ÖtÛÖŁîótØÝYÚÜÙÑótÞ
;G]jﬃ/735#ﬃ/BC=3)8ﬃ9
ﬃ5rB>93~)8ﬃ5T #"#(893(*Bﬃ735U(*>@7
73ﬃ)85T2
 #(*)*(85#ﬃ-93ﬃ5A , "$'~93"Uﬃ5r{k23$' "Uﬃ7
>cﬃ/23935[)8ﬃ473>@BC=
"#ﬃ
93ﬃAg?>@(*7 5p9]_(*7 #,x@"#$' (8>@7ﬃ5o S9
ﬃ
ﬀ
ﬃ/7hB,1$73(*kl23ﬃAﬃ p93ﬃ
¢
ﬃ/7m #W3ﬃ"UB(8k2
ﬃRﬃ/ J,)8ﬃ1/ #"#(8k2
ﬃy
ÖZY
Ú
Y
½
Y
½
×
µ¸ºX¹+Ë:¹ö8ºX´¬ÇX¶\·ÙNÂ,[ÅÍË6¹NºÇN¶¸ËÅ ¼Ë¶·¶\¹X¶¸Ë:Ë´µ¸È+Ël¶\Å ¼iÊuºXË
dI7ò,/ 2
93(*ﬃ)*$:"#,g?>@735Uﬃs9]j2
73ﬃg0>2
 "Uﬃ93ﬃs93(*Bﬃ735U(*>@7
5]\r £ ﬃ/ }93ﬃs5Uﬃ1/ #(*>@7_^ å×,£
í
93,/1>@Bg0>5#,ﬃ4ﬃ/7Îk23$' "UﬃC5#>@2
5oVw9
>@B$'(*73ﬃ/5}Kx23"#ﬃ
ﬁ
y
ﬀ¸Ó
ZT{93ﬃ5R5U>@)*)8(*1/(8 $\ (*>735` W3ﬃ/"#B(*kl23ﬃ/5Cu)8ﬃC5#>@2
5oV
93>@B$(873ﬃ!ﬃ5U r5U>@23B(*5R{s2373ﬃ}g3"U>c932
1/ (8>@7<93ﬃ}1W$)8ﬃ23"K237ñ32c<%@>)*23B(*kl23ﬃa`b¯dc jj
eþ«µ£
¿
­ Z
 $'7393(*5!k2
ﬃ)$6g3$"#>@(5#(é 23,/ﬃs{6)^]_ﬃ #"#,B(8 #,>@g
g0>@5U,ﬃ9
ﬃ)$6g?>@2
 #"#ﬃﬃ/5U 45U>@23B(*5Uﬃ{62373ﬃ1>@739
(8 (8>@7
93ﬃ-1>@7%@ﬃ/1/ #(*>@7òKiﬂ>cﬃ#á1(*ﬃ/7 I9]_,1W$'73x@ﬃC1/>@7%@ﬃ1 (é|fUïcjgeþ«µ£
¿
í
«

¿
«[ ﬃ/Bg?,"#$' 2
"#ﬃr9326ñ23(893ﬃ
G
 
Ñ
-jfBì¨Zy;ﬃ5$2
 #"#ﬃ/5g$'"#>@(8545#>@7 1>@735U(*93,/"#,/ﬃ51>@BBﬃm$9
($=$\ (*kl23ﬃ/5mKMg$'"1/>@735U,kl23ﬃ7 )8ﬃ
ñ2c:kl23(1/(*"#1/23)*ﬃ-9$735T)$=3$"#"UﬃCﬃ5o `~h`b ji
°
¤j¤ccjaeÀZy0;+ﬃ!B$' #,"U($2mﬃBg3)*>PY,4$g?>@23"
1>7393231 (8%(é ,R W3ﬃ/"#B(*kl23ﬃ
­
 ©jeþ«µ£
¿
«
«

¿
«
y
FLUX DE CHALEUR
VOLUMIQUE
x0 L
FLUX DE CHALEUR
VOLUMIQUE
L
ﬁ
y
ﬀ¸Ó

DN>2
 "Uﬃ5#>23B(85#ﬃQ{S237
ﬃg3"U>c932
1/ (8>@7!9
ﬃ1W$)8ﬃ23"X%@>@)823B(*kl23ﬃﬃ/ "#ﬃ/|"U>@(*9
(*ﬃg$"X1>@7%ﬃ1/ #(*>@7
$&%@ﬃ/1-5#$93,/1>@Bg?>@5#(é (*>7ﬃ7m5#>@235Vw93>B$(873ﬃ5
;+$5U>@)*2c (*>7s$7$)éY #(*kl23ﬃI"Uﬃ/ #ﬃ7l23ﬃ-{} #(8 "UﬃI93ﬃA1>Bg$'"$(85#>@7ﬃ/5U S93>@7373,/ﬃA1(éVÑ93ﬃ5U5#>@2
5-
ÃÎ
Ä
Î
Å
Gók!Z l
í>×nm
Ýpo q'ß
ª
i
°

í
³r!
í


G
¤
Ñ


Ýsq
i
ß
×tm

«
ujv
/` w'x
zy
! \
i
°

Gók!Z{G
¤
Ñ


Ý
s
q
i
ß
¿}|
×nm

«
u
v
~` w'x
zy
! 
i
°
.\Á
K
ﬁ
y
¡Ò
Z
;ﬃ5C5U>@)*2c (*>735A93>@7373,/ﬃ5Cg3$"-)8ﬃ5-1&$)8123)85rﬃ.uﬃ/1/ #23,5}$&%@ﬃ/1seh23)*DGWlYcT>6ﬃ7 "U,x@(8Bﬃg0ﬃ/"#B$73ﬃ/7l -g?>@23"
23793>@B$(*7
ﬃ!ﬃ/ Akl2$\ "#ﬃ}5U>@235oVÑ93>@B$(*7
ﬃ5I5U>@7 -(893ﬃ7 #(*kl23ﬃ5A{)*$5#>@)82
 (8>@7<$7$')8Yl (8k2
ﬃsKx23"#ﬃ
ﬁ
y
ﬀPÛ
Z[
Ô
Ó
1/ﬃ!kl23(Xg0ﬃ/"#Bﬃ/ S93ﬃ-%'$)8(*93ﬃ/"p)*ﬃr5#>@)é%@ﬃ2
"S W
ﬃ"#B(*kl23ﬃ'[)$}g3"#(85#ﬃ!ﬃ/7:1>Bg
 #ﬃ-9
ﬃ5I93>B$(873ﬃ5ñ>' # $'7l #5Tﬃ 
)*$C"#,/5#>@)82
 (8>@7932mg3"#>@=
)*~BﬃR(*7 #ﬃ"U|M$'1($')^y
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
 550
 0  2  4  6  8  10
temperature_1dom
temperature_4dom
temperature_analytique
L
ﬁ
y
ﬀPÛ

HJ,/g$"o (8 #(*>@793ﬃJ)$R ﬃ/Bg?,"#$' 23"UﬃS)8ﬃS)8>@73xr93ﬃT)*$rg?>@2
 #"#ﬃJg0>23"Q2
75#ﬃ/23)u9
>@B$'(*73ﬃ'[k23$' "Uﬃ
5U>@235Vw93>@B$(873ﬃ5ﬃ p)$45#>@)82
 (8>@7s$7$')8Yl (8k2
ﬃ
ÖZY
Ú
Y
½
Y8Ö ×
µ¸ºX¹XË6¹öéºX´¬ÇN¶¸·ÙÂ[ÅÍË:¹Xº ÃË»@·?´N¹¬·¶\¹+¶\ËhË´ ÅÍÁ»@Ä´N¼MÊº+Ë
;+$s%$')*(*93$' (8>@7Î932 1&$')*12
)QB,1$73(*kl23ﬃﬃ5o 4=$5U,ﬃ5U23"!)i]j, 2393ﬃ9]_2373ﬃg?>@2
 #"#ﬃ<KÆx@23"Uﬃ
ﬁ
y
ﬀPÐ
ZR93(é%c(85#,/ﬃ
ﬃ/7øW2
(8 5U>@235oVÑ93>@B$(*7
ﬃ5y`ﬂﬃ/ U ﬃ<g?>@2
 "Uﬃ[`9
ﬃ<)*>@73x23ﬃ23"\p c£<[9
ﬃ<W$2
 #ﬃ23"Pf% ª£ ﬃ/ s9
ﬃ
)*$"#xﬃ23"Uu{£úﬃ/5U Aﬃ7
1&$5o "#,/ﬃ{)^]_2373ﬃC93ﬃ45Uﬃ5Aﬃ #"#,B(8 #,5Iﬃ A5#>@2
B(85#ﬃ4{237Î1W$'"#x@ﬃ/Bﬃ/7l A"U,g$'"U (
9
ﬃ"#,5U23)8 $7 ﬃ
Ó
 ©c jjSy;ﬃB$\ ,"U($2Í2
 (8)*(*5U,ﬃ/5U },)*$5U #(*kl23ﬃﬃ $:g0>@2
"4B>9323)8ﬃ93ﬃŁ>@2
73x

R3ﬃ/ pg?>@23"p1>ﬃ:á1(8ﬃ7 J93ﬃrDN>@(85#5U>@71ﬃ¨¤ccy
Ô
Û
Modèle monodomaine
Modèle à 8 sous−domaines
Modèle de poutre
0 xL
L
ﬁ
y
ﬀPÐ

DX>@2
 "Uﬃ4ﬃ731$5U #"#,/ﬃ45#>@23B(*5Uﬃ4{237<ﬃ.u>"U R93ﬃ-ñﬃc(*>7Î$P%ﬃ1})$93,1/>@Bg0>@5U(8 #(*>@7hﬃ7Î5#>@2
5oV
93>@B$(873ﬃIﬃ/ J)8ﬃRB>93~)8ﬃI93ﬃAg?>@2
 "Uﬃr$5#5U>c1/(*,5
;+$5#>@)82
 (8>@7Î$7$)éYl (*kl23ﬃ493$735A)*ﬃC1$93"Uﬃ9
ﬃ5rWlYg?> W
~5#ﬃ/5-9
ﬃg?>@2
 #"#ﬃ49]jEG23)*ﬃ/"oVwﬃ"U73>@23(8)*)*(X93>@7
73ﬃ})$
ñ~/1W3ﬃaÀﬃ/7m|>731/ #(*>@793ﬃA)*$}9
(*5U $731/ﬃ:!6{})^]_ﬃ731$5U #"#ﬃBﬃ7 r
ó!Z
¤
Ó
!
­

nf
­
³

Ó
\I!
í

nf
­
ﬂ>@BBﬃg3"U,1,/93ﬃBBﬃ7 &[N>@7Í1/>@Bg3$"#ﬃ)*ﬃ/5!5#>)*2
 #(*>@735A93>7373,ﬃ/54$7$')8Yl (8k2
ﬃBﬃ7 C$&%ﬃ1237
ﬃB>c93,V
)*(85$' #(*>@7B>73>c9
>@B$'(*73ﬃ} "U(*93(8Bﬃ/735#(8>@7373ﬃ/)*)*ﬃhKieh23)DGWYcT>ﬃ/ }FT=3$kl235Z!ﬃ $P%ﬃ1s2373ﬃB>93,)8(*5$\ (*>7
 "U(*93(8Bﬃ/735#(8>@7373ﬃ/)*)8ﬃ{-Wl23(é 5U>@235oVÑ93>@B$(*7
ﬃ5y;ﬃTB$(8)*)$'x@ﬃﬃ/5U `(893ﬃ7 #(*kl23ﬃJﬃ7 "UﬃI)*ﬃ/5 #"#>@(85B>93~)8ﬃ5,)*,V
Bﬃ7 5R73(85yXdI7Î1>@7
5U $\ ﬃk2u]j(8)Y<(*9
ﬃ7 (é ,493ﬃ/5r"U,5U23)8 $' 5Aﬃ7 #"#ﬃ)*ﬃ5RB>93,)8(*5$\ (*>735Reh2
)DGWY
S>6{
237mﬃ/ JWl23(8 p9
>@B$'(*73ﬃ/5y3FS=$kl235J>@=
 (8ﬃ7 p2373ﬃA"U,g?>@735#ﬃR #"#~5Jg3"U>c1W3ﬃKMâ
[
¡a
ZAK $=3)*ﬃ$2
ﬁ
y
¡
Zy
eh23)DGWYcT>
ﬀ
ﬃ 
Û
5#>@235Vw93>B$(873ﬃ5
FT=$'k2
5
Ò
y
¡
a>@)*2
 #(*>@7$7$)éY #(*kl23ﬃ
g?>@2
 #"#ﬃ
â
y
ﬀPÛ
¢¢
B â
y
ﬀ&Û@¡@Û
B â
y
ﬀPÐ@Ò
B
 ÷
ﬁ
y
¡

)8~1W3ﬃ/5JB$\c(*B$)8ﬃ5ﬃ/7h=?>@2
 p9
ﬃrg?>@2
 #"#ﬃAg?>@23"93(é.u,/"#ﬃ7 #ﬃ5J"#,5U>@)*2c (*>735
ÔÓ½¼ÓTÔ íî ñ3ÚÙÑÚÜÞYíØ ô3ótÞ ÙÑÖtÞ7íÛïàÝYÜíØeÞòô3ÜÙÑóP ÝóðóWÝ³ÜBÝYÖ/ÙÑÚFÝYÜNMó
I$7
5Reh23)*DGWlYcT>
[u>@7hg0ﬃ/2
 T1W
>@(*5U(*"p93ﬃ26 wYg?ﬃ5T9
ﬃ!"#,/5#>@)82
 (8>@7s932:g3"U>@=3)8~Bﬃr(87 ﬃ"o|M$1(*$)G93(*"Uﬃ1 ﬃ
g$"|M$1 >@"U(*5#$' (8>@7;+¯ﬃ/ J(8 #,"$\ (8%ﬃRg$"p)^]j$)8x@>@"#(é W3BﬃSDQﬂ`Dq4yFS7m9]j$23x@Bﬃ7 #ﬃ"p)$C $'(*)*)8ﬃT932mg3"U>'V
=3)8~Bﬃ-(87l #ﬃ"o|M$1(*$)^[37
>@235I$&%>@735T"Uﬃg3"U(*5S)$}B/BﬃAg?>@2
 "Uﬃ!kl2]j$2:g$'"$x@"#$g3W3ﬃ
¡
y
¡
y
ﬀ
y
ﬀ
>1/ﬃ/ # #ﬃ-|>@(85oVÑ1(^[
Ô
Ð
ﬃ/)*)8ﬃﬃ5o }93(8%(85#,ﬃﬃ7ò93ﬃ2ïg$"o (8ﬃ5C9$'7354)*ﬃ5Uﬃ73549
ﬃ)$6)8>@73x@23ﬃ/23"Cﬃ }ﬃ5U }5U>@23B(*5Uﬃ{<93ﬃ2  ﬃ/Bg?,V
"#$' 2
"#ﬃ5R(8Bg?>@5U,ﬃ5R5U23"R93ﬃ/2c<|M$1/ﬃ5A)$' #,"#$)*ﬃ/5T>@g3g?>@5U,ﬃ5K3x@23"#ﬃ
ﬁ
y
ﬁ
â@ZSbN5U23g'Ł
ﬀ
â@âcfﬂÀﬃ Ab(*7
|ŁRâjfﬂTy
;+$Îg0>2
 "Uﬃmﬃ/5U 93(*5U1"#, (85#,ﬃh$&%@ﬃ/1
ﬀP¡
ââ@â<,)*,/Bﬃ/7 5y;ﬃ5"#,/5#23)é $' #55U>@7 1/>@7
|>@"UBﬃ/5{)*$5U>@)*2
 #(*>@7
$'7$)8Yl #(*kl23ﬃI9$'735S)8ﬃ593ﬃ/2cm1&$'5[1ﬃAkl23(%'$)8(*93ﬃI)*$4"#,5U>@)*2c (*>7(8 ,/"$' #(8%ﬃy
FLUX DE CHALEUR
VOLUMIQUE
Tsup = 100°C
Tinf = 0°C
Tsup = 100°C
Tinf = 0°C
Modèle à deux sous−domaines
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k (1) =1
Sous−domaine 1
t∆ (1) (1) ∆ t (1)=k
k (2) =2
Sous−domaine 2
(1)
t∆ ∆ t(2) (2)=k
k (3) =6
Sous−domaine 3
(1)
t∆ ∆ t(3) (3)=k
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
Valeurs de i (1)
Valeurs de i (2)
Valeurs de i (3)
Quantités calculées
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Résolution
Problème libre
Résolution
Problème interfacial
Résolution
Problème libre
Résolution
Problème lié
Résolution
Problème libre
Résolution
Problème lié
Résolution
Problème interfacial
Résolution
Problème libre
Résolution
Problème libre
Résolution
Problème lié
Résolution
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Résolution
Problème interfacial
Résolution
Problème libre
Résolution
Problème lié
Résolution
Problème interfacial
Résolution
Problème lié
Résolution
Problème lié
Résolution
Problème libre
k =4(1) k (2)=2 k (3)=1
Sous−domaine 1 Sous−domaine 2 Sous−domaine 3 Interface
t
L
¡
y
ﬁ

EcﬃBg3)8ﬃR93ﬃA"#,5U>@)*2c (*>7mB!23)8 #(8 ﬃ/Bg
5`$&%@ﬃ/1r #"#>@(855#>@235Vw93>B$(873ﬃ5
Ò@Ð
¼Ó1ÒÓ½¼  ñeñ5ÛÜ3WÚFÝYÜíØ Úï;	 Þ}DÞ ÝﬀŁîótÞ'ôeï Þ7óPWíØ3ô íÙÑôàÙÑó bÛótÞ ñeÙÑí5Û3ŁîótÞ
îÖP?ÚØeÜFAï3ótÞ
Ú
Y
½
Y
Ú
Y
½ »\ÈXÁÅÍÄ¹ö8¼M´0µPÁlØ¶¸Ä
µ¸¼·?´Ë´µPËÅÍÇNÃ
dI71W3>@(85#(8 2375#1W3,/B$r9]_(*7 ,/x@"$' #(*>@7}ﬃ/7 ﬃ/Bg
5Q93ﬃp wYg0ﬃStSﬃOpB$'"# [lﬃcg3"#(8B$'7l )8ﬃp%ﬃ1 ﬃ2
"Q%(8 #ﬃ5#5Uﬃ

Ý Þ#ß ﬃ `)*ﬃ%ﬃ1/ #ﬃ23"9
,g3)*$1ﬃ/Bﬃ/7l 

Ý ÞUß ﬃ7 "UﬃT)*ﬃ/5Q(8735U $7 5
å
ﬃ/ 
å

Tg?>@23"1W$kl23ﬃI5U>@235Vw93>@B$(873ﬃ 
Ã
Ä Å

Ý Þ#ß

Æ
«


Ý Þ#ß


1³9ËÝ Þ#ß½~Ý Þ#ßÒ

Ý Þ#ß


ËÝ Þ#ßÝ ÞUßÒ

Ý Þ#ß

Æ
«

Ý Þ#ß

Æ
«


Ý Þ#ß


Ý ÞUß

Ý Þ#ß



«
í
³*ÓÝ ÞUß*Ý Þ#ß½
í
Ò

Ý Þ#ß


ÓÝ ÞUß(Ý ÞUß
í
Ò

Ý ÞUß

Æ
«
K
¡
y
ﬁÒ
Z
;+$73>' $' #(*>@7
Ò
½T93,5U(*x@7
ﬃ4)$93,/"#(é%@,ﬃ}5Uﬃ1>7393ﬃ}g$"o (*ﬃ/)*)8ﬃ-g$'"R"$g3g?>@"o A$2: ﬃ/Bg
5R93ﬃ4)$kl2$7 #(8 ,îy
Ë
Ý Þ#ß
ﬃ 0Ó
Ý ÞUß
5#>@7 T93ﬃ5Sg$"$'B~ "#ﬃ/5T$PU235U $=3)*ﬃ/5Tﬃ/76|>@731 (*>7h932m wYg0ﬃ-93ﬃ!"U,5#>)*2
 #(*>@7m5#>@2
W$(8 #,ﬃKMg$'"
ﬃcﬃBg3)*ﬃ'[ﬃ7mﬃcg3)*(81(é ﬃRg323"/[ ËÝ ÞUßŁ®ÓÝ ÞUßt Z?>9
ﬃrg
)*235/[5#23(é%$'7l J)8ﬃI wYcg?ﬃr93ﬃ-"U,5U>@)*2
 #(*>@7u[
)*ﬃA5U1W3,B$
9u]j(87l #,x@"#$' (8>@7Íﬃ/5U }1/>@7393(é (*>7373ﬃBﬃ7 !5U $'=3)*ﬃ>2ç7
>@7ø>±Ý Þ#ßSﬃ/5U })8ﬃg$5C9
ﬃ ﬃBg35C1W
>@(*5U(`g0>23"C)*ﬃ
5U>@235Vw93>@B$(873ﬃèy
;ﬃ/5-,/k23$' (8>@735K
¡
y
ﬁÒ
ZIg?ﬃ2
%ﬃ7 4 "#ﬃ5#1/(*739
,ﬃ5rﬃ7)$s5#>@BBﬃ493ﬃg
"#,9
(*1/ #ﬃ23"U5
¥


Ý Þ#ß

Æ
«
ﬃ/ 
¥

Ý ÞUß

Æ
«
ﬃ !9
ﬃ
1/>@"#"Uﬃ1 ﬃ2
"#5
ï


Ý ÞUß

Æ
«
ﬃ/ 
ï

Ý ÞUß

Æ
«

Ã
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Ä
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Å


Ý Þ#ß

Æ
«
B¥


Ý Þ#ß

Æ
«

ï


Ý Þ#ß

Æ
«

Ý Þ#ß

Æ
«
B¥

Ý Þ#ß

Æ
«

ï

Ý Þ#ß

Æ
«
¥


Ý Þ#ß

Æ
«



Ý Þ#ß


¦³;Ë+Ý Þ#ß½~Ý Þ#ß¡Ò

Ý ÞUß

¥

Ý Þ#ß

Æ
«


Ý Þ#ß



Ý Þ#ß


Ý Þ#ß



«
í
³*Ó
Ý Þ#ß
*,]
Ý Þ#ß

í
Ò

Ý Þ#ß

ï


Ý Þ#ß

Æ
«
æË
Ý Þ#ß

Ý Þ#ß
Ò

Ý Þ#ß

Æ
«
ï

Ý Þ#ß

Æ
«
{ÓGÝ Þ#ß(,]Ý Þ#ß
í
Ò

Ý Þ#ß

Æ
«
K
¡
y
ﬁ@Ó
Z
Ú
Y
½
Y
Ú
Y8Ö
ü
Ä3Âi»ºXÂÅÍ·?´+·µPËÅÍÇÃ
Fèg$"o (*"r93ﬃ)*$h|>@"UBC23)$\ (*>7Î%'$"U($' #(*>@7
73ﬃ)8)*ﬃ41)*$5#5U(*kl23ﬃÍ9
Ó@ﬁ;
[N)*ﬃg
"#>@=3)8~BﬃB,1$73(8k2
ﬃ "#$735#(é >@(8"#ﬃ
B!23)8 #(*93>@B$(873ﬃS5#$735J$B>@"U #(*5U5#ﬃBﬃ7 pB,1$73(*kl23ﬃRg?ﬃ2c S5UﬃABﬃ # "UﬃR5#>@2
5S)*$!|>@"#Bﬃ4
Ã
Ä Å1Ô
Ý ÞUß

Ò

Ý Þ#ß



Ý ÞUß


Ý Þ#ß

 Í
Ý Þ#ß
º
|
¡


Í
Ý ÞUß
 *¡
º,¨
Ñ©
ï
º

rª jª«¿««¿ ŁR¬ 4
Ï
§
Þª©Z«
Ü}Ý ÞUß
­
Ý ÞUß

  ﬂ
K
¡
y
ﬁÛ
Z
Ô
Ý ÞUß

ﬃ5U )*$ÎB$' #"#(*1/ﬃ93ﬃsB$'5#5#ﬃ'[

Ý ÞUß

ﬃ5o )*$<B$' #"#(81ﬃ93ﬃm"#(8x@(*9
(8 ,'[wÍ
Ý ÞUß
º
|
¡

ﬃ/5U )*ﬃ%ﬃ1/ #ﬃ23"93ﬃ5ﬃ/|V
|>"U 5ﬃ #,"#(8ﬃ23"U5ﬃ Í
Ý Þ#ß
 *¡
º,¨
Ñ©
ï
º

ﬃ/5U )*ﬃ%@ﬃ/1/ ﬃ/23"93ﬃ/5ﬃ.u>@"o 5(*7 ﬃ/"U|M$1/($2ò5#23")*ﬃs5#>235oVÑ93>@B$(*73ﬃ&
Ó
â
K*Í
Ý ÞUß
 *¡
º,¨
Ñ©
ï
º

fÜÝ Þ#ß
¬
­

[
­

93,5U(*x@7$'7l T)*ﬃ/5Tﬃ/.0>@"o 5T(87 ﬃ"o|M$1(*$2csx)*>@=$'2cm93ﬃ!)*$5o "U231/ #23"#ﬃ4{)^]_(*735V
 $'7l 
å
Zy ­AÝ ÞUß

9
,5#(8x@73ﬃS)$Ak23$7 (8 #,T1W3>(*5#(8ﬃSg?>@23"Qﬃcg3"U(*Bﬃ")$-1/>@7 (872
(8 ,Jﬃ7 #"#ﬃI)8ﬃ55#>@235Vw93>B$(873ﬃ5/y
bX"#>@(851W3>@(é5#>@7 Jg0>5#5#(8=3)*ﬃ/5A31>@7 #(*7l23(8 #,Rﬃ7

[3ﬃ7

>@2mﬃ7ÕÒ

y ­ Ý Þ#ß

g?ﬃ2
 J5/]j,/1"#(8"#ﬃ}
­
Ý Þ#ß


¥
­
Ý Þ#ß


ï
­
Ý ÞUß

K
¡
y
ﬁ'Ð
Z
ﬃ/ r
ï
­
Ý Þ#ß

®5
Ý Þ#ß
Ò

Ý ÞUß

K
¡
y
¡
âZ

¥ ­ Ý ÞUß

 4ﬃ ﬃ5XÝ ÞUß/%A5#(>7h1W3>(*5#(é 2373ﬃr1>7l #(*7l23(é ,Rﬃ7ÕÒ

Ý ÞUß

y

¥ ­ Ý ÞUß

_¥

Ý Þ#ß

ﬃ/ 5NÝ Þ#ß/æË+Ý Þ#ßÝ Þ#ß5#(>7m1W
>@(*5U(8 p2373ﬃA1/>@7 (*7l23(é ,Rﬃ/7

Ý Þ#ß

y

¥ ­AÝ ÞUß

 ¥

Ý Þ#ß

ﬃ/ 5 Ý Þ#ß {Ó Ý Þ#ß ,] Ý Þ#ß 
í
5#(>7m1W
>@(*5U(8 p2373ﬃA1/>@7 (*7l23(é ,Rﬃ/7

Ý Þ#ß

y
EG71W3>@(85#(*5U5$7 1/>@BBﬃJ(*731/>@737l2)*ﬃJ%@ﬃ/1/ ﬃ/23"$Ò

Ý ÞUß

[cg$'"`(*7 "U>c9
231/ #(*>@793ﬃ4K
¡
y
ﬁ'Ò
Z9$'735AK
¡
y
ﬁÛ
$Zﬃ `93ﬃ
K
¡
y
ﬁÐ
Z9$735-K
¡
y
ﬁÛ
=Z[>@7s>@=
 #(*ﬃ7 p)8ﬃRg3"#>@=
)*~BﬃRx@)8>@=$)01>@23g
)*,}
Ã
Ä Å

Ô
Ý ÞUß

Ò

Ý Þ#ß

 Í
Ý ÞUß
º
|
¡

³

Ý ÞUß

¥

Ý Þ#ß


ÜÝ Þ#ß
¬
­

Ï
§
Þª©Z«
5
Ý ÞUß
Ü
Ý ÞUß
Ò

Ý Þ#ß

8³
Ï
§
ÞG©Z«
Ü
Ý ÞUßÖ¥¡­rÝ Þ#ß

K
¡
y
¡cﬀ
Z
$&%@ﬃ/1

Ô
Ý Þ#ß


Ô
Ý Þ#ß


Ó
Ý Þ#ß

Ý Þ#ß

í

Ý Þ#ß

K
¡
y
¡@ﬁ
Z
;ﬃAg3"#>@=
)*~BﬃRg?ﬃ2
 J,x@$)*ﬃ/Bﬃ/7l `5]_,1"U(*"Uﬃ-5U>@235|>@"#BﬃRB$' "U(*1(8ﬃ)8)*ﬃA
®¯
¯
¯
¯
¯
¯
°
5NÝ±«iß

Ô
Ý«iß

²²²  ³ﬃ5XÝ«ißÜ}Ý«iß
¬
y
y
y
y
y
y
y
y
y
y
y
y
 ²²² 5NÝ
§
ß

Ô
Ý
§
ß

³5NÝ
§
ßuÜ}Ý
§
ß
¬
³5NÝ±«iß^ÜÝ±«ißÝ²²²µ³5NÝ
§
ßMÜÝ
§
ß 
¶¸·
·
·
·
·
·
¹
®¯
¯
¯
¯
¯
¯
°
Ò

Ý±«iß

y
y
y
Ò

Ý
§
ß

­

¶¸·
·
·
·
·
·
¹

®¯
¯
¯
¯
¯
¯
°
5NÝ«iß/Ç!Í
Ý±«iß
º
|
¡

³

Ý«iß

¥

Ý±«iß

É
y
y
y
5NÝ
§
ßAÇÍ
Ý
§
ß
º
|
¡

³

Ý
§
ß

¥

Ý
§
ß

É
Ï
§
Þª©Z«
ÜÝ Þ#ß
­
Ý Þ#ß

¶¸·
·
·
·
·
·
¹
K
¡
y
¡¡
Z
vw1(Gﬃ/731>"#ﬃ[>7<g0ﬃ/2
 r1>@735U(*93,/"#ﬃ/"Rk2
ﬃ-Ò

Ý Þ#ß

ﬃ5o A)$5U>@BBﬃC9]_237< ﬃ/"#Bﬃ )8(*=3"Uﬃ#"KM5U>@)*2
 #(*>@7693ﬃ5Aﬃ/.0>@"o 5
ﬃ #,"#(8ﬃ23"U5Rﬃ/ A(87l #,"U(*ﬃ2
"#5I$'g3g3)*(8kl23,5R{1W3$kl23ﬃ45#>@2
5oVw9
>@B$'(*73ﬃ&Z[?ﬃ/ A9]_237: ﬃ/"#Bﬃz )8(*,¨"KM5#>)*2
 #(*>@7h93ﬃ5
ﬃ/.0>@"o 5p(*7 ﬃ/"U|M$1/($2s$g3g
)*(*kl23,/5p$2m5#>@235Vw93>B$(873ﬃèZI
Ò

Ý Þ#ß

×Ò

Ý ÞUß
Ý

ÁÀ
¨>º
ß


Ò

Ý ÞUß
Ý


º
ß

K
¡
y
¡
¢
Z
Ócﬀ
;ﬃRg3"U>@=3)8~BﬃK
¡
y
¡@¡
Zg?ﬃ2
 J "#ﬃA93,/1>@Bg?>@5#,Aﬃ7m237sg3"U>@=3)*~/Bﬃe w)*(8=3"#ﬃ¨"!
®¯
¯
¯
¯
¯
¯
°

Ô
Ý±«iß

²²²  
y
y
y
y
y
y
y
y
y
y
y
y
 ²²²

Ô
Ý
§
ß


 ²²²  
¶ ·
·
·
·
·
·
¹
®¯
¯
¯
¯
¯
¯
°
Ò

Ý±«iß
Ý

ÁÀ
¨\º
ß

y
y
y
Ò

Ý
§
ß
Ý

ÁÀ
¨\º
ß

­

¶ ·
·
·
·
·
·
¹

®¯
¯
¯
¯
¯
¯
°
Í
Ý«iß
º
|
¡

³

Ý±«iß

¥

Ý±«iß

y
y
y
Í
Ý
§
ß
º
|
¡

³

Ý
§
ß

¥

Ý
§
ß


¶ ·
·
·
·
·
·
¹
K
¡
y
¡
Ô@Z
ﬃ p237mg3"#>@=
)*~Bﬃe )8(*,¨"!
®¯
¯
¯
¯
¯
¯
°
5 Ý±«iß

Ô
Ý«iß

²²²  ³ﬃ5 Ý±«iß Ü Ý±«iß
¬
y
y
y
y
y
y
y
y
y
y
y
y
 ²²² 5
Ý
§
ß

Ô
Ý
§
ß

³5
Ý
§
ß
Ü
Ý
§
ßK¬
³5 Ý±«iß Ü Ý±«iß ²²²µ³5 Ý
§
ß Ü Ý
§
ß 
¶ ·
·
·
·
·
·
¹
®¯
¯
¯
¯
¯
¯
°
Ò

Ý±«iß
Ý


º
ß

y
y
y
Ò

Ý
§
ß
Ý


º
ß

­

¶ ·
·
·
·
·
·
¹

®¯
¯
¯
¯
¯
¯
°

y
y
y

Ï
§
Þª©Z«
ÜÝ Þ#ß ­
Ý Þ#ß
Ý

ÁÀ
¨>º
ß

¶ ·
·
·
·
·
·
¹
K
¡
y
¡@Ò
Z
$&%ﬃ1
­
Ý ÞUß
Ý

ÂÀ
¨>º
ß


¥
­
Ý ÞUß


5
Ý ÞUß
Ò

Ý Þ#ß
Ý

ÁÀ
¨\º
ß

K
¡
y
¡Ó
Z
;ﬃRg3"U>@=3)8~BﬃR)*(*,T1>@739
ﬃ735U,!{})^]_(*7 ﬃ/"U|M$1/ﬃIﬃ5o T9
>@7373,Ag$")*$493ﬃ"U73(*~/"#ﬃR)*(8x@73ﬃI9
2h5oYc5o ~/Bﬃ
¡
y
¡@Ò



­

Í×

K
¡
y
¡@Û
Z
$&%ﬃ1
Ã
Ä
Å



Ï
§
Þª©Z«
5NÝ Þ#ßÜÝ Þ#ß

Ô
Ý Þ#ß

ÜÝ ÞUß
¬
Í-×

8³
Ï
§
ÞG©Z«
ÜÝ Þ#ß
­
Ý ÞUß
Ý

ÁÀ
¨>º
ß

K
¡
y
¡@Ð
Z
Fg$"U #(*"9
ﬃ1ﬃ5Gﬃcg3"#ﬃ/5#5#(8>@735/[>74g0ﬃ/2
 "#,/5#23Bﬃ"G)*$T"#,/5#>@)82
 (8>@74932}g3"#>=3)*~/BﬃQB,/1&$73(8kl23ﬃ` "#$735#(é >@(8"#ﬃ
B!23)8 #(*93>@B$(873ﬃSﬃ pB>73> ﬃ/Bg
5g0>@2
"1W$kl23ﬃrg$5p93ﬃR ﬃ/Bg35-KÆ%@>@(8"1&$93"Uﬃ
Ó
Zy
Óﬁ
ü Ä¹+¶\Ëß
HJ,/5#>@)82
 (8>@7 "#$735U(8 >(*"#ﬃTB>@7
> ﬃ/Bg35ﬃ/7hB,1$73(8k2
ﬃ
ﬀ
ypHp,5U>@)*2
 #(*>@79
2hg3"U>@=3)8~BﬃR)*(*=
"#ﬃI5U23"p1W$kl23ﬃr5#>@235Vw93>B$(873ﬃh
Ò

Ý Þ#ß
Ý

ÁÀ
¨>º
ß



Ô
Ý ÞUß

¿
«
Ç Í
Ý Þ#ß
º
|
¡

³

Ý Þ#ß

¥

Ý Þ#ß

É
K
¡
y
¢
âZ
ﬁ
yJﬂ`$)8123)9
ﬃ5J$2
 #"#ﬃ5pkl2$7 #(8 ,/5p1(*7
,B$' (8k2
ﬃ5)*(8=3"#ﬃ/593ﬃ5Á5U>@235Vw93>@B$(873ﬃ5R
Ã
Ä
Å


Ý Þ#ß
Ý

ÁÀ
¨>º
ß


¥


Ý Þ#ß


Ë
Ý Þ#ß

Ý ÞUß
Ò

Ý ÞUß
Ý

ÁÀ
¨>º
ß


Ý Þ#ß
Ý

ÁÀ
¨>º
ß


¥

Ý Þ#ß


Ó
Ý Þ#ß

Ý Þ#ß

í
Ò

Ý ÞUß
Ý

ÁÀ
¨>º
ß

K
¡
y
¢
ﬀ
Z
¡
ypHp,5U>@)*2
 #(*>@79
2hg3"U>@=3)8~BﬃR(*7 ﬃ/"U|M$1/($)N
­



¿
«

Ã
Ä
³
§
¨
ÞG©Z«
Ü
Ý ÞUß
­
Ý ÞUß
Ý

ÂÀ
¨>º
ß

Å
Æ
K
¡
y
¢
ﬁ
Z
¢
ypHp,5U>@)*2
 #(*>@79
2hg3"U>@=3)8~BﬃR)*(*=
"#ﬃI5U23"p1W$kl23ﬃr5#>@235Vw93>B$(873ﬃh
Ò

Ý Þ#ß
Ý


º
ß



Ô
Ý Þ#ß

¿
«
Ü
Ý ÞUß
¬
­

K
¡
y
¢
¡
Z
ÔcypT, ﬃ/"#B(*7$' #(*>@79
ﬃ5
Ò

Ý Þ#ß

[


Ý ÞUß

ﬃ/ 

Ý Þ#ß


ÃÎ
Î
Î
Ä
Î
Î
Î
Å
Ò

Ý ÞUß

8Ò

Ý Þ#ß
Ý

ÁÀ
¨\º
ß


Ò

Ý Þ#ß
Ý


º
ß



Ý ÞUß




Ý Þ#ß
Ý

ÁÀ
¨\º
ß


Ë
Ý Þ#ß

Ý ÞUß
Ò

Ý ÞUß
Ý


º
ß


Ý ÞUß



Ý Þ#ß
Ý

ÁÀ
¨\º
ß


Ó
Ý Þ#ß

Ý Þ#ß

í
Ò

Ý ÞUß
Ý


º
ß

K
¡
y
¢¢
Z
Ó¡
ÚY
½
Y
Ú
Y
Ú ü Ä3Âi»ºXÂÅÎºXÂµ¸¼ÆµPËÅÍÇNÃ
bX>@2
 !1>@BBﬃﬃ7  #W3ﬃ"UB(8kl23ﬃ[X1W$kl23ﬃs5#>235oVÑ93>@B$(*73ﬃﬃ5o }1&$"#$1/ #,"U(*5#,g$"C2
7 |M$1/ #ﬃ23"C9
ﬃg$5C9
ﬃ
 #ﬃBg35¦êÝ Þ#ßN #ﬃ)kl23ﬃ
Ë  Ý Þ#ß  ê Ý Þ#ßzË 
ë
 
Ë 
ë
 
 £
Ì
å
§
 Ë Ý Þ#ß
K
¡
y
¢
Ô@Z
;G]_(*7 ﬃ/"#g?>@)$\ (*>79]_2373ﬃAkl2$7 #(8 , ­
Ý ÞUß

{C)i]j(8735U $7 Í

[¸Ì÷Øª jª«¿««¿ ê Ý Þ#ß ¬-ﬃ5o p93>@7373,/ﬃAg$"`)*$C"#ﬃ)*$' (8>@76
Î
­
Ý Þ#ß

 1³
Ì
ê
Ý Þ#ß
 ­
Ý ÞUß
+

Ì
ê
Ý ÞUß
­
Ý ÞUß
é
K
¡
y
¢
Ò
Z
;ﬃR5Uﬃ1>7396BﬃBC=
"#ﬃR932mg3"#>=3)*~/BﬃR(87l #ﬃ"o|M$1(*$)GK
¡
y
¡Û
Z`$4B$(87 ﬃ73$7 pg0>@2
"ﬃcg3"#ﬃ/5#5U(*>@7
Í-×


§
¨
ÞG©Z«
Ü
Ý ÞUß
Î
­
Ý ÞUß
Ý

ÂÀ
¨>º
ß

K
¡
y
¢
Ó
Z
;ﬃR"Uﬃ5U #ﬃ-9
2h1$)*1/23)ﬃ5o S$7$)8>@x@23ﬃA{41ﬃAkl23(ﬃ/5U Sg3"#,/5#ﬃ7 #,-9$'735p)$4g$"o (*ﬃS W3ﬃ/"#B(*kl23ﬃy
¼Ó1ÒÓÞ ß ÜÞﬀ?ï3Þ7ÞYÜíØ Þ7ïeÙÛóCeíÜp	 ôeótÞAï3ÚØÝYÜBÝYÖtÞ_?íØÝÜØïeótÞ_Ù Ût ÜØÝYó/Ù[¾ÚWó
;G]_>@=Uﬃ p93ﬃA1ﬃAg$"#$x@"$'g3W3ﬃRﬃ5o J93ﬃA93(*5U12
 #ﬃ"p9$735pkl23ﬃ/)*)*ﬃTBﬃ/5#23"Uﬃr)8ﬃR93,1/>@23g$'x@ﬃAﬃ7m5#>@235Vw93>B$(873ﬃ5
g?ﬃ2c s$)8 #~"Uﬃ")*$Í5U $=3(8)*(8 #,sﬃ/ )*$Íg3"#,/1(85#(*>7¬93ﬃ55U1W3,B$59]_(*7 #,x@"#$' (8>@7g$'""$g
g0>@"o { 237
ﬃ6|>@"oV
B!23)$' #(*>@7ïB>@73>93>@B$(873ﬃyDN>@23"1ﬃ/){
[G>75]j$' U $1W3ﬃh{,%'$)*23ﬃ/"}237 #ﬃ"#Bﬃs9]_,73ﬃ/"#x@(8ﬃh(87l #ﬃ"o|M$1(*$)*ﬃ

 #¡
º¨
Ñ©
ï
º


5#(

 #¡
º¨
Ñ©
ï
º

[3(*)u7]_Y$$'231237
ﬃ-B>c9
(81$' (8>@7g$""#$g3g?>@"U J$'2m1$)*1/23)B>@73>93>@B$(*73ﬃ'y

5#(

 #¡
º¨
Ñ©
ï
º2Ú

[3)$4TReîBC2
)8 (é ﬃ/Bg35g0ﬃ/2
 J1>@739
23(*"UﬃA{}9
ﬃ5J(*735o $=3(8)*(é ,5Q7l23B,/"#(8k2
ﬃ5y

5#(

 #¡
º¨
Ñ©
ï
º
½ 
[3)$4TReîBC2
)8 (é ﬃ/Bg35g0ﬃ/2
 J1>@739
23(*"UﬃA{}9
ﬃ5J93(*5U5#(*g3$' (8>@735`7l23B,"U(*kl23ﬃ5/y
T$735!1/ﬃ/ U ﬃg3$"U #(*ﬃ[+73>235!73>235C=$5U>@735-5#23"-)*ﬃ5r93,/B>@7
5U "#$' (8>@735rﬃ/.0ﬃ1 23,/ﬃ54g$"rF!yﬂ>@BC=?ﬃ5U123"Uﬃ
ﬃ F-yQqA"#$P%>@23(8)9
ﬁÛ<;
g?>@23")$ÎB,/1&$7
(*kl23ﬃs "$'735#(é >@(8"#ﬃB>@73>Íﬃ B!23)8 #(8 ﬃ/Bg
5yﬂﬃ/5 "#$P%'$2ò|>@7 
$'g3g0ﬃ/)u$'2cB, W3>93ﬃ5,7
ﬃ"#x,/ (8kl23ﬃ593,%@ﬃ/)*>@g3g?,ﬃ/5`g$"bRy
z
yHAy3J23x@W3ﬃ/5ﬃ/ 	Ày]â4yc;(*2¥9
¡@¡
[
¡
¢
;
yctS>@2
5
$')*)*>735A93,/ $(*)8)*ﬃ"A1/(éVw9
ﬃ5#5U>@2354)*$h93(85#12
5#5#(8>@7 g?>@23"-)*ﬃ5!g3"#>@=
)*~Bﬃ5-932 g3"UﬃB(*ﬃ/"!>@"U93"#ﬃﬃ/ 473>235C73>@2
5
1/>@7 ﬃ/7l #ﬃ"U>@735J93ﬃA"$g3g?ﬃ)8ﬃ")8ﬃ5"#,/5#23)é $' #5p93ﬃA1ﬃ5S$2
 #ﬃ23"U5pg0>@2
")*ﬃ5pg3"U>@=3)8~Bﬃ5932m5#ﬃ/1>@739h>@"#9
"#ﬃy
Ó
¢
ÚY
½
YëóÛY
½ Ü!È+Ël¶\Å ¼iÊuºXËsµP¶¸Ä´XÃ&¼µ&·0¼¶¸Ë6Å·0´+·µPËÅÍÇNÃ
DN>23"G2373ﬃkl2$7 #(8 ,2Ý93,/7
(*ﬃ"#ﬃ/5#g?ﬃ1 (8%ﬃBﬃ7 g$"±Ý

ﬃ Ý

Æ
«
$24(*7
5U $'7l #5
å
ﬃ/ 
å

@[>7493,/7
(8 
)$4B>PY@ﬃ7
73ﬃAﬃ/ J)$493(é.u,/"#ﬃ7
1ﬃ}
Ã
Ä ÅrÞ
Ý
}ß
µÝ

Æ
«

Ý

/¢j¤
àÝ

 ? ,Ý

Æ
«
³-Ý


K
¡
y
¢
Û
Z
dI7h"UﬃB$"#kl23ﬃAkl23ﬃ}
Þ
Ý
Sß
áÝ

 ·ÚÙ
«
í
,Ý


í
Û
y
FÀg$"o (*"93ﬃA)$C|>@"#B!23)$' #(*>@7,73ﬃ/"#x@, (8k2
ﬃ
Ù G
º

Û
¬
Çªì
º

Ù G
º

Û


º

 G
º

 U³{¸Í
º

 
É
  K
¡
y
¢
Ð
Z
>ji["Uﬃ)*$' (é%@ﬃBﬃ7 J$2s5U1W3,B$9u]EG23)8ﬃ"[>7h,/1"#(é A
âG
º

 ?®Zã]G
º
'ä

Dm³

¤
å]
Ù
G
º

Û
K
¡
yÕÔ'âZ
FTg
"#~5S$&%@>@(8""#,/>@"#x$'73(*5U,R)*ﬃ5p93(é.u,/"#ﬃ/7l #5 ﬃ"UBﬃ/593ﬃK
¡
y
¢
Ð
Z[
>@7m>@=
 #(*ﬃ7 A


Ù
G
º

Û
Ü³ﬃæb
Ù
G
º

Û



º
|
¡

Ù
G
º

Û
 K
¡
yÕÔ
ﬀ
Z


Ù
G
º

Û
m"#ﬃ/g3"#,/5#ﬃ/7l #ﬃò)^]_,73ﬃ/"#x@(8ﬃ1$)*>@"U(8kl23ﬃ93(8.0235U,ﬃÍg?ﬃ7
9$7 <)^]_(*7 #ﬃ"U%'$)8)*ﬃÎ93ﬃ ﬃBg35/yI;ﬃ #ﬃ"#Bﬃ
³ﬃæb
Ù
G
º

Û
þ ³
«
ç
¡
Ù
G
º

Û
¬
½ì

\l³
«
í
~


Ù
G
º

Û
"Uﬃg3"U,5Uﬃ7 ﬃ )i]$'B>@"o (85#5#ﬃ/Bﬃ/7 s72
B,/"#(*kl23ﬃ'y

º
|
¡

Ù
G
º

Û
5
«
ç
¡
Ù
G
º

Û
¬
¸Í
º

 Gﬃ5o !)8ﬃ! ﬃ/"#Bﬃ},73ﬃ/"#x@, (*kl23ﬃ}9Ñg$2Î=3(8)$7<93ﬃ/5rñ32cÎﬃ #,"#(8ﬃ23"U5ybRy
z
yHAy
S2
x@W3ﬃ5ﬃ ;(*2>@7 `B>@7 "#,Skl23ﬃR1ﬃT #ﬃ"UBﬃS7]j(87 ﬃ"o%(*ﬃ7 g$5`9$'735`)$r5U $=3(*)8(8 #,J9
ﬃ55#1W
,B$5`7l23B,V
"#(8kl23ﬃ5z9
¡@¡
[
¡
¢
;
yFS235#5U(^[(*)073ﬃA5#ﬃ/"$}g3)*235pg3"U(*5ﬃ/7h1/>@Bgc ﬃy
I$7
5S)8ﬃR1&$93"UﬃA9]j2
73ﬃA,/ 2
93ﬃ!{4g3)8235#(8ﬃ23"U55#>@2
5oVw9
>@B$'(*73ﬃ/5[)^]_,kl2$\ (*>7K
¡
yÔ
ﬀ
Z93ﬃ%(*ﬃ7 r
§
¨
Þª©Z«


ÙZ
G
Ý ÞUß

Û
8³
§
¨
Þª©Z«
æb
ÙZ
G
Ý ÞUß

Û


§
¨
Þª©Z«

º
|
¡

ÙZ
G
Ý ÞUß

Û



 *¡
º,¨
Ñ©
ï
º
K
¡
yÕÔ
ﬁ
Z
$&%@ﬃ/1

 #¡
º¨
Ñ©
ï
º



§
¨
ÞG©Z«
Ù

G
Ý Þ#ß

Û
¬
Ü
Ý Þ#ß
¬

­

 ?



­

 
¬
§
¨
ÞG©Z«
Ü
Ý ÞUß
Ù

G
Ý ÞUß

Û
K
¡
yÕÔ
¡
Z
;G]j, 239
ﬃ-93ﬃA5o $=3(8)*(é ,T"Uﬃg?>@5#ﬃr93>@7
1r5U23"p)^]_,/ #2393ﬃR932m5#(8x@73ﬃA93ﬃ

¤*¡
º¨
Ñj©
ï
º
y

ﬂ>7l #(*7l23(é ,Rﬃ7«G

y
Ó
Ô
;+$41>7l #(*7l23(é ,Rﬃ7«G

ﬃ5U p #"$932
(8 ﬃRg3$")^]_,kl2$' #(*>@7
§
¨
Þª©Z«
Ü
Ý Þ#ß
G
Ý ÞUß

  K
¡
yÔ
¢
Z
dI7Cﬃ/7}93,932
(8 9
>@731`kl23ﬃ
Ï
§
Þª©Z«
ÜÝ Þ#ß Ù GRÝ ÞUß

Û
 Tﬃ $(8735#(ck2
ﬃ

¤*¡
º¨
Ñj©
ï
º
 
y';+$I5U $'=3(*)8(8 ,93245U1W3,B$
9u]EG23)8ﬃ"7]jﬃ/5U Q93>@731T$'.0ﬃ1/ #,ﬃJkl23ﬃTg$'"Q)8ﬃ5ﬃ"U"#ﬃ2
"#59u]$"U"#>@7
93(*5%@ﬃ/7$7 `93ﬃ/51/>@7393(é (*>735G93ﬃT1/>@7 (872
(8 ,
{4)i]j(87l #ﬃ"o|M$1ﬃ'y

ﬂ>@7 (87l23(8 #,Rﬃ7¯G

y
F¯g3$"U #(*"93ﬃA)^]_ﬃcg3"Uﬃ5U5#(*>7m #(*"#,/ﬃR932m5#1W3,/B$}9]jE2
)*ﬃ"rK
¡
yÔâZT
§
¨
Þª©Z«
Ü
Ý Þ#ß
Ù G
Ý Þ#ß

Û
è
§
¨
ÞG©Z«
Ü
Ý ÞUß
ã
G
Ý ÞUß
éä

D
+
³

¤
å
§
¨
ÞG©Z«
Ü
Ý ÞUß
Ù G
Ý ÞUß

Û
K
¡
yÔ@Ô@Z
T$735)8ﬃh1$59u]j237 5U1W3,B$Í93ﬃ:ﬂ"$7
 VwtS(81W3>@)*5U>@7¯KD
+

«
í
Z[ﬃ/ ﬃ7 $'g3g3)*(8kl2$7 )i]jWYg?> W3~/5#ﬃ:9
ﬃ
1/>@7 (872
(8 ,Rﬃ/7PG

[>@7sg0ﬃ/2
 J,1"U(*"Uﬃ4
§
¨
Þª©Z«
Ü
Ý Þ#ß
Ù
G
Ý ÞUß

Û
è
§
¨
Þª©Z«
Ü
Ý Þ#ß
ã
G
Ý Þ#ß
éä
 K
¡
yÔ
Ò
Z
EG7mg3"#ﬃ/7$7 Jg0>23"WYcg?> #W3~5Uﬃ!kl2]_(*)uYs$41/>@7 (*7l23(é ,R93ﬃ/5êGRÝ Þ#ß

$'2s #ﬃBg35p(*73(é (*$)^[l>@7sﬃ7m93,/9323(8 A
§
¨
ÞG©Z«
Ü
Ý ÞUß
Ù
G
Ý Þ#ß

Û
  K
¡
yÔ
Ó
Z
;ﬃ/5-1/>@7393(é (*>735-9
ﬃ5o $=3(8)*(é ,4ﬃ/ !93ﬃg3"#,/1(*5U(*>@7"#ﬃ/5U ﬃ/7 C(*7
1W$73x@,/ﬃ5-9$735-)*ﬃ1&$5r>ji >@7Í$93>@gc ﬃ237
5U1W3,B$S9
ﬃﬂ"#$73 @VtJ(*1W3>)*5#>7-g?>@23" >235N)8ﬃ5+5#>235oVÑ93>@B$(*73ﬃ/5+ﬃ/ Nﬃ7!g
"#ﬃ73$7 g?>@23"+WYg0> #W3~5Uﬃkl23ﬃ)*ﬃ/5
GRÝ Þ#ß

5#>@7 p1>7l #(*7l235J{4)^]_,/ $' (*7
(8 (*$)^ylT$735p73> #"#ﬃI "#$&%$'(*)^[73>@2
5S$&%>@735p93>@731A"Uﬃ/ ﬃ/7l2h237
ﬃr1/>@7 (872
(8 ,
ﬃ/7GRÝ Þ#ß

k2
(N$'5#5#2
"#ﬃA)$45U $=3(8)*(8 #,Tkl23ﬃ/)Xkl23ﬃA5U>@(8 p)8ﬃR5#1W3,/B$}9]_(*7 ,/x@"$' #(*>@7uy
Ú
Y
½
YëóëY8Ö
Ü!È+Ë¶\Å ¼MÊº+ËhµP¶¸Ä´XÃ&¼ÆµP·?¼M¶¸ËmÅÎºNÂÆµ¸¼ÆµPËÅÍÇNÃ
DX>@23"+)$`9
,B>@735U #"$' #(*>@7R>7r5/]$'g3g323(8ﬃ5U23"+)*ﬃ/573> $\ (*>735K
¡
y
¢
Û
Z?ﬃ/ X93ﬃ73>@2
%ﬃ)8)*ﬃ5X$&Y$'7l + #"$(é +$2A1&$)8123)
 #"$7
5#(8 #>@(*"UﬃF>?g0>@2
"R237(8731"U,Bﬃ7 A93>@7
73,[Ý
+
"Uﬃg3"U,5Uﬃ7 ﬃ)*ﬃ5Rkl2$'7l #(8 #,5r$2Î93,=
2
 r93ﬃ4)^]_(*731/"#,/Bﬃ/7l 
ﬃ ;Ý
é
)*ﬃ/5B/Bﬃ/5kl2$7 (é ,5J{})$!7m93ﬃA)^]_(*7
1"#,/Bﬃ/7 A
Ã
Ä ÅÏÞ/Þ
Ý
+
ß/ß
 ,Ý
é

Ý
+
~¢j¤
ÖàÝ
+
 Ö ? ,Ý
é
³*Ý
+

K
¡
yÔ
Û
Z
Ó'Ò
dI7h"UﬃB$"#kl23ﬃAkl23ﬃ}
ìâÝ
+
 Ö ? ë
¿
«
¨

©+
àÝ

  K
¡
yÕÔ
Ð
Z
FS37m9
ﬃR5#(*Bg3)8(8ﬃ/"Q)*$C93,B>@735o "$\ (*>7[c>75#ﬃRg3)*$1ﬃR9$'7352371&$'5>jis(*)Y$C93ﬃ/2cs5#>235oVÑ93>@B$(*73ﬃ/5ÍÝ
ﬃ/ SÜ×>3g?>@23"237mg$5p93ﬃR #ﬃBg35p93ﬃ:Ý![>@7sﬃ/.0ﬃ1 23ﬃ»êí<g$'5J9
ﬃA #ﬃBg3593ﬃrÜf

í
ê
í
åîÍê
í
 K
¡
y
Ò
âZ
ac23"S)^]_(*7 ﬃ/"U%'$)8)*ﬃÐ 
+
/
é
 ^[>@7hg0ﬃ/2
 T,/1"U(*"#ﬃr)*ﬃ/5S,/kl23(*)8(*=3"Uﬃ5p,73ﬃ/"#x@, (8k2
ﬃ5I93ﬃr1W$kl23ﬃ!5#>@235Vw93>B$(873ﬃRﬃ7
"#ﬃ/5#g?ﬃ1 $7 S)*ﬃ5p73>' $' #(*>@7352
 (8)*(*5U,ﬃ/5g3"#,/1,9
ﬃBBﬃ/7l r
Ã
Ä Å
ÙªÙ

í G í
+

ÛKÛ
 ³ﬃæb ÙKÙ G í
+
ÛKÛ



í
 #¡
º¨
Ñ©
ï
º
ÙªÙ

î
G
î
+

ÛªÛ
8³
Ï
ë
¿
«

©+
æb Ù G
î

Û



î
 #¡
º¨
Ñ©
ï
º
K
¡
y
Òcﬀ
Z
>ji
Ã
Î
Ä
Î
Å

í
¤*¡
º¨
Ñj©
ï
º

«
ë
ç
¡
ÙKÙ
G
í
+
ÛBÛ
¬
Ü
í
¬
ì
­
+
 ì 

î
¤*¡
º¨
Ñj©
ï
º

Ï
ë
¿
«

©+
«
ç
¡
Ù

G
î

Û
¬
Ü
î
¬

­

 
K
¡
y
Ò@ﬁ
Z
E 239
(*ﬃ"J)$45o $=3(8)*(é ,I93ﬃ/5S5U1W3,B$5J7l23B,/"#(8k2
ﬃ5J"#ﬃ/%(8ﬃ7 I{493, ﬃ/"#B(*73ﬃ/"J)8ﬃA5#(*x73ﬃA93ﬃA)^]_,73ﬃ/"#x@(8ﬃr(87 ﬃ"V
|M$1/($)8ﬃT > $)*ﬃ

 #¡
º¨
Ñ©
ï
º
93,/7
(*ﬃAg$"R

 #¡
º¨
Ñ©
ï
º


í
¤*¡
º¨
Ñj©
ï
º


î
 #¡
º¨
Ñ©
ï
º
K
¡
y
Ò¡
Z
5#>(8 A

 *¡
º,¨
Ñ©
ï
º


£¯
ÙKÙ
G
í
+
ÛªÛ
¬
Ü
í
¬
ì
­
+
 ì 

ë
¿
«
¨

©+


Ù
GUî

Û
¬
Üî
¬

­

  K
¡
y
Ò
¢
Z
I$7
5S237mg3"UﬃB(*ﬃ"Q ﬃBg35/[>@7h5U,g$'"#ﬃA)*ﬃ/5` ﬃ"UBﬃ/5Ë )*(8=3"#ﬃ/51"Tﬃ/  )8(*,/51"-

 *¡
º,¨
Ñ©
ï
º

«
ë
ç
¡
ÙBÙ
G
í
Ý

ÁÀ
¨>º
ßÖ+
ÛKÛ
¬
Ü
í
¬
ì
­
+
 ì 

Ï
ë
¿
«

©+
«
ç
¡
Ù
G
î
Ý

ÁÀ
¨\º
ß

Û
¬
Ü
î
¬

­

 

«
ë
ç
¡
ÙKÙ
G
í
Ý


º
ßÖ+
ÛªÛ
¬
Ü
í
¬
Ö
­
+
 ì 

Ï
ë
¿
«

©+
«
ç
¡
Ù
G
î
Ý


º
ß

Û
¬
Ü
î
¬

­

 
K
¡
y
Ò
Ô@Z
ﬃ/ J>@7mg?>@5#ﬃA1>BBﬃT|>@"UBﬃR9]_(*7 #ﬃ"#g?>@)*$' (8>@7
Ù
G
í
Ý

ÁÀ
¨>º
ß

Û


£
ÙKÙ
G
í
Ý

ÁÀ
¨>º
ßÖ+
ÛªÛ
K
¡
y
ÒÒ
Z
FÀ)^]j$(*9
ﬃI93ﬃ5J,kl2$\ (*>735rK
¡
yÔ
Ð
Zﬃ !K
¡
y
Ò@Ò
Z[3)^]_ﬃcg3"Uﬃ5#5U(*>@7ÍK^Z9
ﬃ/%(*ﬃ/7l r

 #¡
º¨
Ñ©
ï
º

Ï
ë
¿
«

©+
«
ç
¡
/Ü
í
ÙïG
í
Ý

ÂÀ
¨>º
ß

Û

Ü
î
ÙZG
î
Ý

ÁÀ
¨\º
ß

Û

¬

­

 

«
ë
ç
¡
ÙKÙ
G
í
Ý


º
ßÖ+
ÛBÛ
¬
Ü
í
¬
ì
­
+
 Ö 

Ï
ë
¿
«

©+
«
ç
¡
Ù
G
î
Ý


º
ß

Û
¬
Ü
î
¬

­

 
K
¡
y
Ò@Ó
Z
Ó@Ó
dI7s5#2
g3g0>5#ﬃrk2u]j(8)uYs$}1>@7 (87l23(8 #,R93ﬃ5ØG

{})i]j(87 ﬃ"o|M$1ﬃ4
Ü
í
G
í


ÜgîGﬃî

 K
¡
y
Ò@Û
Z
5U>@(8 I
Ü
í
G
í
Ý

ÁÀ
¨>º
ß


Üî-GUî
Ý

ÂÀ
¨>º
ß

Ü³»/Ü
í
G
í
Ý


º
ß


Üî-Gﬃî
Ý


º
ß

 K
¡
y
Ò@Ð
Z
ﬃ pg$"p1>735#,/k2
ﬃ7 C
Ü
í
Ù G
í
Ý

ÁÀ
¨>º
ß

Û

Ü î Ù G î
Ý

ÂÀ
¨>º
ß

Û
Ü³»/Ü
í
Ù G
í
Ý


º
ß

Û

Ü î Ù G î
Ý


º
ß

Û
 K
¡
y
Ó
âZ
FS(*735U(^[c>@7hg?ﬃ2c p,1"U(*"Uﬃ

¤*¡
º¨
Ñj©
ï
º
Ü³
Ï
ë
¿
«

©+
«
ç
¡
/Ü3íµÙ Gí
Ý


º
ß

Û

Ü
î
Ù G
î
Ý


º
ß

Û

¬

­

 

«
ë
ç
¡
ÙKÙZGí
Ý


º
ßÖ+
ÛKÛ
¬
Ügí
¬
ì
­
+
 Ö 

Ï
ë
¿
«

©+
«
ç
¡
ÙZG
î
Ý


º
ß

Û
¬
Ü
î ¬

­

 
K
¡
y
Ócﬀ
Z
ﬃ p93>@731}

 *¡
º,¨
Ñ©
ï
º


£¯]
ÙKÙ
G
í
Ý


º
ßÖ+
ÛKÛ
¬
Ü
í
¬
ì
­
+
 ð U³
ë
¿
«
¨

©+


Ù
G
í
Ý


º
ß

Û
¬
Ü
í
¬

­

  K
¡
y
Ó@ﬁ
Z
dI">@7m$4%2hg3"U,1/,93ﬃ/BBﬃ7 Jkl23ﬃ-)8ﬃRg3"#>=3)*~/BﬃI)8(*,I5/]j,/1"U(8 Jg0>23")*ﬃR5U>@235oVÑ93>@B$(*7
ﬃñÝà

ì
í

G
í
Ý


º
ß

áÜ
í
¬
­

K
¡
y
Ó¡
Z
dI7sg?ﬃ2
 S$)8>@"#5,/1"#(8"#ﬃ4

¤*¡
º¨
Ñj©
ï
º


£¯
ÙªÙZG
í
Ý


º
ß¿+
ÛKÛ
¬

ì
í
ÙKÙG
í
Ý


º
ß¿+
ÛKÛ
³@ë
¿
«
¨

©+


ÙïG
í
Ý


º
ß

Û
¬

ì
í
ÙZG
í
Ý


º
ß

Û
K
¡
y
Ó
¢
Z
5U>@(8 I

¤*¡
º¨
Ñj©
ï
º


£¯]ò
ÙKÙïG
í
Ý


º
ß¿+
ÛKÛ
¬

ì
í
ÙªÙZG
í
Ý


º
ß¿+
ÛKÛ
³b£ ë
¿
«
¨

©+
ÙG
í
Ý


º
ß

Û
¬

ì
í
ÙZG
í
Ý


º
ß

Û.ó ôõ¸öÓS÷Sø
ù0ú3û)ütý¸þ±ß Súþ~ü
	
ß þtü

íÐüåþﬁﬀﬃﬂ¤úﬁìüEû  !Öþ#"Rü$&%}ýü'()ﬀ%}ý* þ! Sú
ôõ¸öÓS÷Sø
ûzü¡ý¸þ+()ﬀ~ü
 Sýﬁ,-/.0 $/ßaü12( ý¸úü3! Sßaß$ü1¸ü4$!ﬀ;úﬁﬀ657 þ8.019
:<;>=?A@CBED
©F
@GIH J
K
ç
?*L
KM
J
;ANﬁO
L
KM
J
P
NQ; RTS S

U
í
V>W
;X@Y
KZM
;
H

U
í
VW
;>@[Y
KM
;
M
J]\
H
S_^
Ua`
V>W
;X@Y
KZM
P
M
J
H
^
Ua`
VW
;X@[Y
KM
P
Mcb
\7\
d
e

`
S7S
^
U
`
VW
;X@[Y
KM
;
H
^
U
`
V>W
;X@Y
KZM
;
M
J
\
H
S
^
U
`
VW
;>@[Y
KM
P
M
J
H
^
U
`
VW
;X@Y
KZM
P
Mcbf\$\7\
ôõ¸öÓÒø
Ó
	
g
a6 Súﬁﬀ%}ýü¡úþT Súhi9
:<;>=?A@CBEDfj
F
@<kml
ô,õ¸öÕÓÓSø
nEütþ~þ.üßﬀnþoﬁ cüñûzü¡ý¸þapnþ/ü4Rû¸ûﬁ#%ﬁýQﬀ¡ü3q]ûﬁðýQa¸ü4¸ü¡ýrs Sýﬁ]t[ﬁ Sß$ðú¸ü
ö
u
 Rýﬁ<v"  SúQwﬁ SúﬁUß Súþ!!ﬀx%}ýüx  '2(áýúi$týﬁzþ!oü~ß#%}ýüþ!RúQ!ìþ!  ~üﬃßgýﬁìþ!ìþ.ütß$ûQ7!T Súyfoﬁ $!Öþ
ýúü16 SúþìúﬁýQìþﬀUü¡ú
^
U
V
P
Y
qz{(|ìú}þ/ü].C$¡ü
Qðü6w!foQﬀ¡ß$,2(|ìúþﬀ5$ þ! Sú$úﬁý¸ßﬀ6!%}ýü6<! Súþ,åþf$}ﬁìü2ßp¡ßaü
()#~ﬁ#!!ìû)ütúþ3ü()ﬀ¡úü6!5 ìüqy()ðúþ/ü.C
¡ü
ô
ﬀ%}ý* þ! Sú
ô,õ¸öÕÓÓSø/øjö2
ú Sý¸þ~ü$2ðü6x"
$! þ# Súﬁ_ü
^
U
V
P
Y
/ýQ/-i.0! Rú}þ!6/üýﬁ Rß$ìúü! Súþz#ðúﬁﬀ$~ü6$ $!3-ﬁ!ìû* þ# Sú2()ﬀ¡úü6!5 ìüqs()ðúþ.ü6.C$tüaü6~þ
ú}ýﬁìü
ô
ﬀ6%ﬁýﬁ þ# Sú
ôõ¸öÓÒø~ønö
Ł2CA#Ł yﬁcccv0&c ¢¡£c¤ * ¥{¦§¨&* ©¥0&ª¥0«¡£ª ª*&c¡£©¬7¡­®¥®¯
&c¡£©
u
 Rýﬁ/!Rûûzü Rúﬁ°ﬁRúﬁ/tüÑû*
$5 !Rûﬁoüðü6°ﬀ/ýQìþf"þ4ﬀtþf
}ﬁ#3û*
°±
ö
n² Sß/})ü6!¡ýQ/üünþ/±
ö>³
v"  Rýﬁ
ö
´ýﬁ²ðüßptß$üûﬁ!ìúﬁìû)üaü~Qﬀ¡ß Súﬁ~þ! þ! Sú$ý¸þ##!ﬀ;ûT Rýﬁ²þo¸ü/ß%}ýü;þ!Rúﬁìþ $/üß Súﬁ Rþ/ü¡ßaûﬁµ Sú
ﬁ#~þìúﬁ5Sýü0þ!!  #Íþ·¶ﬁû)ü6_ü36 Súþðú}ýﬁÖþﬀ9
¸
n² Rú}þ!ðú}ýﬁÖþﬀUütúº¹
»
V
P
Y
=
9ﬁûT Rýﬁwü6w ﬁü6¼ìü¡úþw½
V
P
Y
þ SýQ²ﬀ5 Rýri~ýﬁ#"
Rúþ²ðü'! SýQ]t·Q Sß
ðúü6Q{(|ﬀtúüEt
5$ðü§(|ìú}þ/ü].C$¡üü6~þ]ú}ýﬁ#ðü$ütþﬁ Rúﬁy-Pûﬁ!ﬀ6#! Rúüy!ﬀ6!  ìý¸þ# Súrúüﬁﬀ¡ûzü¡úﬁ¾%}ýüy¸ü]ü/ütýﬁ!
§($! SúQﬁ<ýsv
¡ýQ- þ/ü¡ýﬁ
ö
¸
n² Rú}þ!ðú}ýﬁÖþﬀ]ü¡ú
^
»
V
P
Y
=
9§ðüþ.ü6/ßaü2()ﬀ¡úü6!5 ìüðúþ.ü6.C$6-$ü~þú}ýﬁ%}ýü63%}ýü!  ìü¡úþ3ðü6ñû*$!Rßnþ~ü
¿
V
P
Y
ütþ,½
V
P
Y
üa!foQﬀ¡ß$,2(|ìúþﬀ5$ þ! Súiü
u
ü6À;ß$!ÁiÃÂïü6tþﬀ6xqfo*
%ﬁý¸ü° Sýﬁ]t[ﬁ Sß$ðú¸ü
ö
¸
n² Rú}þ!ðú}ýﬁÖþﬀÑütú
»
V
P
Y
=
9©#  !%ﬁý§(|#Z¶£h6 SúþìúﬁýQìþﬀü°"Öþ.ü6!/ü6qh{(|ìúﬁ~þRúþ/ìúﬁìþ!-$±ünþ%}ýüyìügûﬁÃt
!Rßtþ~ü3ü6°foﬁﬀ¡ß$/§(|ìú}þ!ﬀ5 ! þ# Súü
u
üﬃÀ;ß$ÁÄ! Súþ°foﬁ  #!ñþ/ü3%}ýü½
V
P
Y
G
J
b
¿
V
P
Y
$  
{(|ﬀtúü5 ðü1§(|ìú}þ/ü].C$¡üñü6~þﬃúﬁýQðü
ö

ú%ßﬀRúﬁ%}ýüñþ!Rúﬁìþ!  ~ü0ßýﬁÖþìþ/ü¡ßaûﬁ! SúPûﬁ~ü¡úﬁ1ûT SýQao7¶ﬁû Rþoﬁ6/ü4- Rú}þ!ðú}ýﬁÖþﬀ3ü<"cìþ/ü/ü
q()ðúþ.ü6.C$tü$§ìü3!foQﬀ¡ß$32(|ìúþﬀ5$ þ! Sú ú}ýßﬀ%}ýü3 Súþ/åþf$}ﬁìü2Å¸üaûQðýﬁ62*Rúﬁ3ìüv$32(áýúü
ﬀtþ/ýﬁü, Rß$û  ~þRúþütýr Sýﬁ]t[ﬁ Sß$ðú¸üÕünþÆ
ô
ﬁﬀ6ﬂúﬁü<0ßptß$üß úﬁ6/üw%}ý2(|RýÐû*$!$5  ûﬁoü
õ¸ö8ÇSö)Èö

ø
!-s"cÖþ.ü/üýÉ! SýQ]t·Q Sß
ðúü ü6~þ#ðúﬁﬀ$~ü/ýﬁ/h.0 Súþ6/ü
©
  °#ú§()¶£1û*
/ü
ﬁ#!!ìû* þ! Súi2()ﬀ¡ú¸ü!5$ðü4q()ðúþ.ü6.C$tü
ö
Ó$Ê
ËÌÍ ÎÏ ÐsÑﬃÒ,Ï Ó,ÔÕa3ÕÖﬃ×/Ô ØsÙ Ú3ÑÚ²ÙÑ¾Ó,Ô Û+Ò<Ü4Ö6Ï ÓÝÕÛ÷°ÔÞÖﬃÕ×4ÖßÛ+Ó
à,áâwáã ä'åæQçåQèéZêEëíì_ëíî§çZïEî§ð_ïñòðxï[åê·ó~ô²õwöêE÷wð_ë
g
 Sýﬁﬃýúüûﬁo7¶c!#%}ýüzﬁ Sú¸úﬁﬀ¡ü
2()ðßaûﬁﬀtß$ütúþf þ! Súy¸ýÄv$#¡ýﬁëü¡úøﬀ5 ìß$ü:þ!Rúﬁìþ $/ü4ﬀnþﬀ4.C$ìþ/ü3û*

&ù Sý¸þiü6
ßﬀnþoﬁ cü6húZû
uüﬃýþß®ß 	
 ý	ý
ütþøúZû
u&üﬃýþß®ß 	
ﬀﬁ
ﬃﬂ{ý ý ô
$#5  
t
ìþ!oß$ü6
÷
û*$5Rü"!$#rütþ!-û*
5Sü"!
Êøjö&%
É~þ! þﬀ65 ðü%ßýﬁìþ!ðûﬁo7¶c!#%}ýü9üåþﬁﬀ6ﬂúﬁðü û*
i- ßﬀtþoQ ü
 ')(*ﬂþ+)ﬂ(ß®ß,

ú
 	-(/.	Qüﬃý0+1/ ö
´ RúPûQ!ðúQðûzüñüåþaﬁ Súúﬁﬀ3* úﬁ,ðü1v
ﬁ/ü4	9
2
*"3ﬃ4
ﬀtþoQ ü
 ')(*ﬂþ+)ﬂ5( ß®ß,

ú
 	-(/.	Qüﬃý0+16
ÇSö7%
ütþ/ýﬁ/üütþa!RýQ"Sü657$ü°¸ü, SúQﬁìþ! Súﬁ<ìúﬁìþ!-$ìüü3fo*$%}ýüûﬁo7¶c!%}ýü
ö

ö
nw$týﬁQ¸ü98;:
K
j=<3G?>A@CBED
8;:
V
P
Y

¡ütþ~þ.ü²"
$ìü¡ýﬁ©ﬁ  Öþptþ!/üwﬃßp¡ßaüEû Sýﬁëþ Sý¸þ/üìüûQoµ¶c%}ýü
ö
õ¸ö7F
 Sýﬁ6ðü3ü:=G
@0HJIß?
qK:
D;>=
ô
8L:
K
j=<
ø
9
ô

ø
±<tþ/ý*$# þ! Súi¸ý¯þ/ü¡ßaûﬁ, SýQRúþûT Rýﬁ<fo*$%}ýüûﬁo7¶c!%}ýü
ö
ô
}
øAM
ﬀ6!  ìý¸þ# Súiü3-]ûﬁo7¶c!#%}ýüON	P
ô

ø
±<tþ/ý*$# þ! Súq]û*
~þ#wü6_ﬀ/ýQìþf"þ<ü3-]ûﬁo7¶c!#%}ýüON
ö
ô

øAM
ﬀ6!  ìý¸þ# Súiü3-]ûﬁo7¶c!#%}ýü;QP
ô
ü
ø
±<tþ/ý*$# þ! Súq]û*
~þ#wü6_ﬀ/ýQìþf"þ<ü3-]ûﬁo7¶c!#%}ýü;Q
ö
ô
.
ø9öìöÖö
%
zﬂ*5SýQ/ü
õ¸ö õ
ß Súþ~ü1ðü1ﬁﬀ6! SýQðü¡ßaü¡úþ,2(áýúhv$#¡ýﬁ2ﬀ6ðü6tþ Rþo¸ü/ß SßﬀRúﬁ%}ýü
ö
	 R
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imposées
Electrique
Calcul Puissance dissipée par Effet Jouledans les conducteurs passifs
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par les conducteurs actifs
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Calcul Calcul
Sous−domaine 3
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Calcul
Sous−domaine 2
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Calcul
t∆t+2
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Sous−domaine 2
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Sous−domaine 2
Sous−domaine 2
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Sous−domaine 1
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Interpolation Interpolation
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1: ligne
2: pantographe
3: disjoncteur
4: redresseur
5: bloc moteur (onduleur + commande)
6: moteur
7: pupitre de commande
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Titre de la Thèse : DEVELOPPEMENT D’UN MODULE DE PROTOTYPAGE VIRTUEL 
MULTIPHYSIQUE, MULTIDOMAINE ET MULTITEMPS. APPLICATION AUX 
CONVERTISSEURS DE PUISSANCE. 
 
Résumé :
Ce travail concerne le développement d’un outil de prototypage virtuel pour  la simulation 
électrothermomécanique des convertisseurs de puissance. L’implémentation de ce code de calcul, écrit 
en langage orienté objet,  fait appel à une décomposition en sous-domaines de type Schur duale. 
En régime établi, le traitement des sous-domaines flottants est pris en compte tandis qu’en régime 
transitoire, une procédure de collaboration entre schémas d’intégration implicites et explicites est mise 
en œuvre. Ces schémas d’intégration peuvent posséder des pas de temps différents les uns des autres. 
De plus, le code intègre des sous-programmes permettant la parallélisation des calculs et ainsi 
l’optimisation des temps de résolution. Les cas-tests présentés permettent de valider la méthode et de 
montrer les gains substantiels en temps de calcul qu’elle apporte. 
La dernière partie de ces travaux concerne l’étude d’un cas industriel ayant trait aux convertisseurs de 
puissance utilisés dans le domaine ferroviaire : il concerne la modélisation électrothermique d’une 
puce semi-conductrice en régime établi et en régime transitoire. Cet exemple permet de comparer 
différentes stratégies de découpage en sous-domaines et de coupler différents pas de temps sur la 
même structure. 
 
 
Mots clef : Méthode de décomposition en sous-domaines, Eléments Finis, couplage multiphysique, 
multi-pas de temps, parallélisation, programmation orientée objet. 
 
______________________________________ 
 
 
Title oh Thesis : DEVELOPMENT OF A MULTI-PHYSIC, MULTI-DOMAIN AND MULTI-TIME 
VIRTUAL PROTOTYPING MODULE. APPLICATION TO POWER CONVERTERS. 
 
 
Abstract : 
This works concerns the development of a virtual prototyping tool for electro-thermo-mechanical 
simulation of power converters. The programming of this code, written in an object-oriented language, 
includes a dual Schur Domain Decomposition Method. 
The solving of problems including floating subdomains can be performed in steady-state whereas man 
can couple implicit and explicit integration schemes. These integration schemes can have different 
timesteps. Moreover, the code includes parts of programme which permit the parallelisation of calculs 
and so the optimisation of the times of resolution. The benchmarks which are presented validate the 
method and show its substantial gains in time of calculus. 
The last part of this work concerns the study of an industrial benchmark concerning the power 
converters used in railway transport: it concerns the electro-thermal simulation of a semiconductor 
chip in steady state and in transient. This sample allows to compare different strategies of tearing in 
subdomains and to couple different timesteps on the same structure.   
 
 
Key words : Domain Decomposition Methods, Finite Elements, multi-physic coupling, multi-time-
stepping, parallelisation, Oriented Object Programming. 
